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Take a walk 
down 

memory lane. 



The 80C186 
consumes it like there’s 
no power tomorrow 



applications. So some applications that could 
never be portable before, can be portable now. 

And the 80C186 Family doesn’t stop with 
the 80C186EB. Its new modular design ^lows 
for quick product proliferations to suit your 
application-specific needs. 

So call Intel at (800) 548-4725. Ask for 
Literature Packet #LA59, and we’ll send you the 


80C186 “Solutions for Success’’ materials with 
information on the entire 80C186 Family and 
development tools. Do it today Your applica¬ 
tions will consume less power tomorrow. 

Intel 
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Microprocessor 


DIRECTORY 

Benchmarks don’t have to be confusing and 
deceptive. Application code that bears a re¬ 
semblance to your software, consistently applied 
across a range of similarly configured 
microprocessor-based systems, can be useful in 
selecting your hardware. 

Michael C Markowitz, Associate Editor 


Most microprocessor vendors use 
benchmarks as a drunken man 
uses lampposts—for support 
rather than illumination. 

—Adapted from Andrew Lang, Scottish author 

B enchmarks can help you pick from 
among a multitude of microprocessors 
and microcontrollers. Unfortunately, to 
simplify choosing a |xP, benchmarks 
have become a single-number figure of 
merit for both vendors and designers. 
This number is—at best—confusing and—at worst— 
deceiving. 

The Systems Performance Evaluation Cooperative 
(SPEC), a consortium of computer and workstation 
vendors, was established to develop a suite of consis¬ 
tent and well-defined benchmarks. SPEC has recom¬ 
mended that you not use a single-number figure of 
merit because it canT provide enough information. De¬ 
spite SPEC's urgings, users, vendors, and the press 
have endeavored to make SPEC's 10-benchmark suite 
more palatable by simplifying the benchmarks into a 
single figure of merit. In recognition of our tendencies 
toward simplification, SPEC provided the Specmark 


There are three kinds of lies: 
lies, damned lies, and benchmarks. 

—Adapted from Benjamin Disraeli, 

British statesman 


(calculated as the geometric mean of the individual 
benchmark tests) to ensure that the “proper” single 
number be used—or misused. 

Consider the vaunted IBM RS/6000 workstation, 
powered by IBM’s America superscalar microproces¬ 
sor. (Because IBM isn’t making this microprocessor 
available at the chip level, we’ve excluded it from our 
directory.) This |xP fetches four instructions at a time 
from its cache. Under certain circumstances, the proc¬ 
essor can dispatch all four instructions in one cycle. 

At the workstation roll-out, IBM proudly pointed 
to a workstation Specmark almost double that of other 
RISC-processor-powered workstations. Closer inspec¬ 
tion of the individual SPEC benchmarks that constitute 
the Specmark reveals that the IBM workstation’s per¬ 
formance is most impressive in two of the floating-point 


Although benchmarks can provide useful information, they don’t al¬ 
ways tell the whole truth. (Photo courtesy Siemens Components Inc) 


90 


EDN November 22, 1990 









..... ■,*■"“■ -"'V - ■"■^>4 




















EDN November 22, 1990 


91 







































































































































































Remember that what you want from a 
benchmark and what the vendor wants 
from a benchmark are not the same. 


performance tests. Integer performance, though, is 
comparable to other RISC workstation benchmarks 
(Fig 1). IBM uses a floating-point multiply/accumulate 
instruction to enhance the execution of many floating¬ 
point applications. 

Supplementing a microprocessor’s instruction set 
with a special-purpose instruction isn’t necessarily bad. 
If the code you are trying to run uses that particular 
instruction, you’ll get higher performance. On the other 
hand, if you blindly accept a vendor’s performance 
claims, you may end up selecting a processor optimized 
for operations you’ll never use. 

Benchmarks can confuse or illuminate 

Getting vendors to provide you with multiple bench¬ 
mark results only eliminates part of the confusion. 
When Intel announced its 80960CA superscalar, it com¬ 
pared the |xP against its own 80960KA, Motorola’s 
68030, and AMD’s 29000 using a suite of nine integer 
benchmarks (Dhrystone 1.1, Buffer Copy, Annealing, 
Pi, Quicksort, Bubblesort, Integer Matrix Multiply, CCITT 
Image Compression, and a Bezier Curve calculation). 

Intel reported all results normalized to the 68030. 
The benchmarks showed the 960CA to be from 2 to 
10.8 times faster than the 68030. The geometric mean 
of all nine benchmark programs indicated the 960CA 
was 3.9 times faster than the 68030. The 29000 results 
ranged from 0.4 to 1.7 times faster than the 68030, 
with a geometric mean of 1.0. 

A knockout by the 960CA, right? Maybe, but AMD 



ESPRESSO EQNTOTT SPICE 2G6 MATRIX300 FPPPP SPECMARK 

INTEGER INTEGER SCALAR FP VECTOR FP VECTOR FP 

BENCHMARK 


Fig 1—If you look only at the Specmark, you may be disappointed. 
Whereas IBM’s RS6000/530 has a Specmark of 28.9 vs Mips Com¬ 
puters’ RC3260’s 18.3, this reorganized graph makes it clear that 
vector-floating-point applications is where the IBM workstation 
shines. Integer performance—such as you’d see running Unix—is 
comparable between the IBM and Mips machines. 


said the 29000 had both hands tied behind its back. 
AMD claimed the benchmark was rigged by Intel’s 
choice of the STEB Standalone Evaluation Board. 
AMD said the board is a low-performance design that 
supports neither burst-memory accesses nor simultane¬ 
ous access to instructions and data. Worse, AMD 
charged that, although Intel replaced the board’s 120- 
nsec memory with the same 35-nsec chips they used 
in evaluating the 960KA, Intel did not reprogram the 
board’s wait-state switches to take advantage of the 
29000 board’s faster memory. 

In response to what they saw as improper bench¬ 
marking, AMD requested copies of the individual pro¬ 
grams from Intel. AMD then recompiled the code using 
the current release of its HighC29K C compiler at full 
optimization. (Intel’s report did not say which compiler 
version it used.) Then the company reran the code on 
the STEB board, as well as on three high-performance 
YARC Systems’ 29000-based boards. One of the YARC 
boards ran at 33 MHz and had a data memory of 512k 
bits of 2-way interleaved 35-nsec static RAM. AMD’s 
testing showed the 33-MHz, 29000-based YARC board 
was somewhat faster than the 960CA on most of the 
benchmarks—even though you can’t buy a 33-MHz 
29000. 

Benchmarks measure the whole system 

The lesson to learn from the 960CA vs 29000 contest 
is that benchmarks don’t just evaluate the p-P’s per¬ 
formance, they also measure the effect of all of the 
peripheral components. Therefore, it is imperative that 
when you see benchmark data, you ask about the hard¬ 
ware configuration, clock rates, and memory speeds— 
and make sure programmable features, such as wait- 
state switches, are set properly. Fortunately, as fea¬ 
ture sizes shrink, caches and data RAM are migrating 
onto the processor, making specsmanship of this sort 
less prevalent. 

However, using simulations to benchmark perform¬ 
ance will never disappear. Intergraph recently an¬ 
nounced its Clipper C4 pP and “Fourth-Generation” 
compiler. As a superscalar design, the C4 contains both 
integer and floating-point execution units to allow the 
processor to issue two instructions per cycle. The de¬ 
sign also includes pipeline stages within the floating¬ 
point unit so the pP can run faster—a technique called 
superpipelining. 

When testing time came, the actual devices weren’t 
available. So Intergraph decided to simulate small seg¬ 
ments of the SPEC benchmarks that they believe are 
representative of integer, scalar floating-point, and 
vector floating-point applications. They used 23 in- 
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structions from the Espresso routine for the integer 
benchmark. The scalar floating-point benchmark was 
composed of 21 instructions from the Spice program. 
To measure vector floating-point performance, they 
used 34 instructions from the inner loop of the Linpack 
benchmark. 

Running on the C4 software model at 50 MHz, these 
snippets of simulated code allow Intergraph to claim 
a peak performance of 94 MIPS and 33.3M floating¬ 
point operations per second (flops) by executing 1.88 
Linpack-inner-loop instructions per clock. Better still, 
the company uses these results to compare perform¬ 
ance to two other theoretical machines: a pure super¬ 
pipelined and a pure superscalar machine. To achieve 
94 MIPS and 33.3M flops performance, a “pure super¬ 
pipelined machine” that executes 1 instruction per cy¬ 
cle would have to run at 94 MHz. Alternatively, a 
“pure superscalar machine” running at 25 MHz would 
have to execute 3.7 Linpack-inner-loop instructions per 
clock. While all this sounds pretty impressive, you 
must remember whence these numbers originate. 

The C4 example demonstrates that small bench¬ 
marks are even easier to manipulate than large ones. 
Dhrystone is a small standard benchmark that has been 
abused almost to the point of being meaningless. Ru¬ 
mors abound about compilers that sense Dhrystone 
source code and output canned, hand-optimized execut¬ 
able programs. Since the Dhrystone benchmark is 
small, it also fits neatly into a 16k-byte cache, eliminat¬ 
ing time-consuming cache misses. And, the Dhrystone 
benchmark spends 30 to 35% of its run time doing 
string copies and string compares, often ignoring the 
results. Therefore, compilers that sense when compu¬ 
tation results aren’t subsequently used can skip in¬ 
structions and grossly skew benchmarks. 

Software improves hardware performance 

Tuning optimizing compilers is fair game. If a vendor 
finds execution bottlenecks and adjusts his compilers, 
obviously the benchmark code will execute faster. 
These optimization decisions may be at the expense 
of typical code, however. For example, vendors can 
rewrite run-time libraries with the Dhrystone charac¬ 
ter-string manipulation in mind. Then, they adjust the 
optimizing-routine selection instructions to favor 
benchmarking code. 

SPEC’s 10 benchmarks come close to being a “good” 
set. But even these benchmarks, developed by repre¬ 
sentatives from many system and workstation vendors, 
are imperfect. First, they are system benchmarks. Any 
extrapolation to any one component—microprocessor 
included—^is dangerous. 


Second, the SPEC benchmarks were selected and 
written to eliminate caching the program in fast mem¬ 
ory. These benchmarks were larger than 32k bytes 
because, at the time they were selected, system caches 
were smaller than 32k bytes. Today, there are systems 
with 512k-byte caches. If your programs are larger 
than 512k bytes, the SPEC benchmark results may 
not represent the performance you are likely to see 
with your code. 

Third, because the SPEC benchmarks only measure 
CPU and memory performance, they ignore I/O, 
graphics, and multitasking. Some embedded applica¬ 
tions have little use for these features, but other appli¬ 
cations might be I/O- or graphics-bound—and the 
wrong time to find out is after you’ve committed your 
design. 

Fourth, SPEC wanted to provide a portable and 
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If possible, get the vendors to bench- 
mark all or part of your application 
code. 


freely distributable set of benchmarks to the market 
quickly. There was fast agreement among the members 
that a Spice simulation offered a useful, universal meas¬ 
ure of scalar floating-point performance. However, ac¬ 


cording to John Mashey, Vice President of Systems 
Technology at Mips Computer Systems and SPEC com¬ 
mittee member, the Spice input deck included in the 
benchmark suite was supplied by Hewlett-Packard and 
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wasn’t examined by the organization. Mashey laments 
that this Spice deck isn’t as floating-point intensive as 
a typical Spice run. 

Finally, the last problem with the SPEC bench¬ 


marks—^indeed with any benchmarks—is that as the 
computers and systems get more powerful, the bench¬ 
marks take less and less time to run. Eventually, the 
time measurements of each program vanish into the 
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The smallest, lowest power, 
complete dual redundant 1553 
interface. It is a user friendly total 
solution to the problem of interfacing 
a subsystem to the 1553 Bus. The 
NHi-1553RT appears as 8 or 16 bit- 
wide Ram to the Host, requiring only 
two standard transformers to 
complete the bus interface. Standard 
Ram signals are used to interface the 
hybrid to all popular processors. The 
internal Ram is dual ported making 
the Host and Bus totaily transparent 
to each other. Ram arbitration and 
control logic is all contained in the 
hybrid. 


• Two -I- SV 
only transceivers 

• 4K words of internal memory 

• Message illegalization without 
external prom 

• Supports notices I and II 

• Programmable interrrupts 

• Interrupts stored internally in FIFO 

• Internal 32 bit time tag clock 

• Broadcast flag for each message 

• Discrete I/O pins 

• Complies with Mil-Std 1760A 

• Plug-in package 1.33 x 1.83 

• Flat package .95" x 1.85" 

• Software and interface support 

• On-site demonstrations available 


NATIO 
HYBRID, 


NHT 


(A MIL-STD-ip2 
2200 Smith^n 
Ronkonkom i, N' f 
(516) 981-2fro 


noise of the system. Whereas the total reference run 
time on the VAX-11/780 was almost 19 hours, IBM’s 
RS6000 ran the timed portion of the benchmarks in 
just over 39 minutes. 

SPEC’s next software revision will push the capabili¬ 
ties of the coming generation of systems. The organiza¬ 
tion also hopes to include benchmarks to measure I/O 
performance. Of course, revising its benchmarks will 
just provide a new target for the microprocessor and 
system vendors. And, vendors might try to play the 
old-revision game (use old-revision results if they are 
more favorable to your goals). As difficult as it may 
be, SPEC should attempt to move the targets far 
enough out that it might take four or five generations 
of systems to make the benchmarks obsolete. 

As with many consumables, let the buyer beware. 
Manufacturers can get benchmarks to say anything 
they want. General Motors could claim their cars get 
60 miles per gallon—by letting the engine idle and 
rolling the car down a long hill. Fortunately, the Envi¬ 
ronmental Protection Agency acts as an independent 
watchdog, performing uniform tests to ensure consis¬ 
tency. The engineering community has no such inde¬ 
pendent watchdog. SPEC, chartered to develop consis¬ 
tent tests, is largely a case of the fox guarding the 
chicken coop. 

Mashey disagrees with that characterization of 
SPEC. Rather, he sees a bunch of foxes guarding one 
chicken—each wanting to make sure the other foxes 
don’t get his dinner. SPEC is a consortium composed 
largely of vendors. It doesn’t have to be that way. 
You can and should get involved in creating the bench¬ 
marks and monitoring the results by contacting SPEC, 
do Waterside Associates, 39510 Paseo Padre Pkwy, 
Suite 350, Fremont, CA 94358. (415) 792-2901. EDN 
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COP800 

AVAILABILITY: Now. 

COST: Less than $1 to $5 for standard parts in high volume. 

SECOND SOURCE: Sierra Semiconductor. 

CORE: Sierra uses the COP800 core for custom designs. National designs 
with a configurable-controller approach using a set of microcontroller 
building blocks. 

Description: 8-bit CMOS single-chip family in which varying amounts of 
memory, peripheral functions, and I/O surround a purposely simple core 
P-P. Some 20 parts exist. Initial core has provision for addressing 32k-byte 
program memory. The program and data memory are treated separately 
so the COP800 has a Harvard architecture. 


8-BIT CMOS 

National Semiconductor Corp 

2900 Semiconductor Dr 

Santa Clara, CA 95051 

Phone (408) 721-5000 

For more information, Circle No. 351 

Status: Having gained one of the leadership positions in the 4-bit micro¬ 
controller field with its COP400 and 16-bit HPC, National introduced this 
8-bit controller to fill the gap between those two devices. The architecture 
of the core ^jlP seems quite simple—a bit like the Motorola 6805. The 
core-based parts, built on National’s double-metal process, are shrink¬ 
able to submicron levels. 


HARDWARE- CHARACTERISTICS -software 



Industrial 
version 
(-4010 +85»C) 

ROM/EPROM/ 

EEPROM 

(bytes) 

RAM 

(bytes) 

I/O 

pins 

Interrupt 

Timer 

base 

counters 

Size 

(pins) 

Other 

COP820C 

1.0k 

64 

24 

3 sources 


28 


COP821C 

1.0k 

64 

20 

3 sources 


24 


COP822C 

1.0k 

64 

16 

3 sources 

1 

20 


COP8640 

2.0k 

64 

24 

3 sources 


28 

64x8-blt 

COP8641 

2.0k 

64 

20 

3 sources 


24 

EEPROM 

COP8642 

2.0k 

64 

16 

3 sources 


20 

in RAM 

COP8620 

1.0k 

64 

24 

3 sources 

1 

28 

64x84]jt 

COP8621 

1.0k 

64 

20 

3 sources 

1 

24 

EEPROM 

COP8622 

1.0k 

64 

16 

3 sources 

1 

20 

in RAM 

COP8720C 

1.0k EEPROM 

64 

24 

3 sources 


28 

64x8-bit 

EEPROM 

COP8721C 

1X)k EEPROM 

64 

20 

3 sources 


24 

in RAM 
64x8-bit 
EEPROM 

COP8722C 

1.0k EEPROM 

64 

16 

3 sources 

1 

20 

64x8-bit 
EEPROM 
in RAM 

COP840C 

2.0k 

128 

24 

3 sources 


28 


COP841C 

2.0k 

128 

20 

3 sources 


24 


COP842C 

2.0k 

128 

16 

3 sources 

1 

20 


COP880C 

4.0k 

128 

36 

3 sources 


40/44 


COP881C 

4.0k 

128 

24 

3 sources 

• 1 

28 


COP8780C' 

4.0k EPROM 

128 

36 

3 sources 


40/44 

EPROM 

COP8781C' 

4.0k EPROM 

128 

24 

3 sources 

1 

28 

SOTP 

COP884CF 

4.0k 

128 

21 

10 sources 

2 

28 

2PWM& 

COP884CG 

4.0k 

192 

23 

12 sources 

3 

28 

3PWM& 

UART 

COP884CL 

4.0k 

128 

23 

10 sources 

2 

28 

2PWM 

COP884CS' 

4.0k 

192 

23 

12 sources 


28 

1 PWM& 
UART 

COP888CF 

4.0k 

128 

33/37 

10 sources 

2 

40/44 

2PWM4 

COP888CG 

4.0k 

192 

35/39 

14 sources 

3 

40/44 

3PWM& 

COP888CL 

4.0k 

128 

33/39 

10 sources 

2 

40/44 

2PWM 

COP888CS' 

4.0k 

192 

35A39 

14 sources 

1 

40/44 

1 PWM& 
UART 

COP888EG' 

ek 

256 

35^39 

14 sources 

3 

40/44 

3PWM& 

COP884EG' 

8k 

256 

23 

12 sources 

3 

28 

3PWM& 

UART 


'Available in 1990 

All devices implement their stacks In RAM and have at least 1 serial I/O port. 
MIL temperature range available 


I— DATA-MANIPULATION INSTRUCTIONS 

Add, add with carry, and subtract with borrow. 

Logicals include rotates, shift compares, and conditionals. 

Decimal correct. 

Increment and decrement. 

Bit manipulation: set, reset, and test individual bits in data memory, which 
includes those in data registers and I/O ports. 

II— DATA-MOVEMENT INSTRUCTIONS 

Load and exchange instructions with optional automatic post increment 
or decrement of the associated pointer. Most allow the use of either the 
B or X pointer. Decrement register and skip if zero. 

III— PROGRAM-MANIPULATION INSTR 

Jump instructions: relative, absolute, absolute long, and indirect. 
Subroutine, subroutine long, return, and skip (only the amount of available 
RAM limits subroutine levels). 

Push and pop. 

IV— PROGRAM-STATUS-MANIP INSTR 

ALU-driven decision bits in status register (PSW) appear to be limited to 
carry and half-carry flags. These, as well as interrupt control bits for 
various on- and off-chip interrupt sources, can be set and reset. 

V— POWER-SAVING INSTRUCTIONS 

Halt mode, which is entered by setting data bit and exited by reset or 
low-to-high transition on the CKO pin. 

Note: 

1. Program-branch decisions are implemented in skip-the-next-instruction 
manner. 

Specification summary: 15-bit program counter (PC) can address 32-byte 
program memory, which can include data and data tables. All data, con¬ 
trol, and I/O registers are mapped into data-side memory space. Two 
bidirectional 8-bit and two unidirectional 4-bit I/O ports max. Each I/O pin 
has software-selectable options to adapt the chip to specific applications. 
On-chip peripheral functions include software-selectable I/O of as many 
as 39 I/O pins, 3-wire serial I/O, 16-bit timer/counter with capture register 
and auto reload, and an 8-source interrupt. Maximum speed is 1-p,sec 
instruction cycle (most instructions take one cycle). Clock for 1-fxsec 
cycle is 10 MHz. Operates over 2.5 to 6V range and draws 9 mA running 
full speed at 1-|jLsec cycles, but less than 1 p,A when halted. 


Hardware notes: 

1. Diagram shows basic COP800-family architecture. Each member of 
growing family has an emulator part that replaces standard masked-ROM 
with EEPROM or EPROM. 

2. Sierra says cost of ASIC design can be as low as $40,000 up front (16 
weeks’ time), meaning ASICs can be cost competitive for 100k quantities. 


HARDWARE - SUPPORT -SOFTWARE 


Supported on National COP800 Development Systems. The system can Cross-assembler for IBM PC and other computers. Form-fit emulators 
be used in conjunction with IBM PC as host. Applications Hot Line: are available for every member of the family. These parts are 2-chip 
(408)721-5582. hybrids or single-chip EPROMs or EEPROMs. 


EDN November 22, 1990 


97 

































































































































PIC 16C5X FAMILY 


8-BIT CMOS 


AVAILABILITY: Now. 

COST: Under $1.50 in volume. 

SECOND SOURCE: None. 

Description: A family of single-chip CMOS EPROM-based microcontrol¬ 
lers that use only 33 single-cycle/single-word instructions. The family 
offers various amounts of I/O, RAM, and one-time programmable 
EPROM. Oscillator frequency ranges from dc to 20 MHz. Although it 
qualifies for the RISC moniker based on its 33 Instructions, using the 
label to describe it is risky, if not confusing. The family only has a 2-stage 
pipeline without delayed branches or load delay slots rather than a 4- or 
5-stage pipeline with delayed branches and load delay slots. The chips 
have a 2-address instruction format rather than the 3-address instruction 
format typical of RISC machines. Also, the PIC family must be pro¬ 
grammed in assembly language—there are no compilers. 


Microchip Technology Inc 

2355 W Chandler Blvd 

Chandler, AZ 85224 

Phone (602) 963-7373 

For more Information, Circle No. 352 


Status: To date, 75 million PICs have been sold worldwide, generally in 
high-volume, low-end consumer, personal computer, and automotive ap¬ 
plications. CMOS one-time programmable versions were introduced in 
1989 and are embedded in more than 1000 designs. 


HARDWARE -CHARACTERISTICS- software 



I— DATA-MANIPULATION INSTRUCTIONS 

Add and subtract. 

Logicals. 

Rotate right and left, decimal adjust. 

Swap halves. 

Bit set and clear. 

II— DATA-MOVEMENT INSTRUCTIONS 

All RAM (general- and special-purpose registers) accessible by direct or 
indirect addressing. 

Page addressing. 

Move file. 

III— PROGRAM-MANIPULATION INSTR 

Skip if zero (for comparisons and bit tests). 

Move literal to W. 

Call subroutine. 

Goto routine. 

IV— PROGRAM-STATUS-MANIP INSTR 

Can bit test on status-register carry, decimal carry, and zero. 

V— POWER-SAVING INSTRUCTIONS 

Sleep stops oscillator, CLRWDT clears watchdog timer. Tris instructs 
3-state ports. Option loads option register. 

Specification summary: Split-memory Harvard architecture with 12-bit¬ 
wide program EPROM and 8-bit-wide data registers. See table for 
EPROM and RAM sizes. Not expandable in memory because the micro¬ 
controllers are intended for self-contained, stand-alone applications. 
Power consumption ranges from less than 1 p,A with the clock stop to 
30 mA at 20 MHz. 


PIC 16C5X CMOS microcontrollers 


Part number 

Pins 

I/O 

RAM 

(bits) 

EPROM 

(bits) 

PIC16C54 

18 

12 

32x8 

512x12 

PIC16C55 

28 

20 

32x8 

512x12 

PIC16C56 

18 

12 

32x8 

1024x12 

PIC16C57 

28 

20 

80x8 

2048x12 


Hardware notes: 

1.12-bit-wide instruction word allows single-cycle execution of all instruc¬ 
tions. 

2. All current devices are fully static, silicon-gate CMOS designs that 
feature an 8-bit real-time-clock counter, watchdog timer, and 2-level pro¬ 
gram-counter-save stack for subroutine nesting. 

3. Security EPROM fuse for user’s code protection. 

4. A lower-cost RC-oscillator version is also available for applications 
that aren’t timing critical. 


- HARDWARE 

Microchip offers two IBM PC-hosted development systems. One, the 
Pik-Pak Is a low-end development system that allows for assembly, exe¬ 
cution, debugging, and analysis of microcode. The $495 price includes 
programmer and UV-erasable samples. The Pic-ICE development system 
($2495) offers full-speed emulation to support real-time code develop¬ 
ment. The system includes in-circuit emulation pod with an 8k capture- 
trace buffer, programmer, and diagnostic demo board. High-volume pro¬ 
gramming support is available from Microchip, Data I/O (Redmond, WA), 
and Logical Devices (Fort Lauderdale, FL). 


SOFTWARE - 

Picalc cross-assembler is an IBM PC-hosted software tool that offers 
full-featured macro and conditional assembly capability. Picsim simulator 
software allows simulation of the PIC16C5X products on an instruction 
level. The simulator allows single-step, execute-until-break, and trace 
modes. Pice emulator software offers an interface with pull-down menus. 


SUPPORT 
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8048 FAMILY 


AVAILABILITY: Now. 

COST: Masked-ROM parts are less than $2 in high volume (100k) 
EPROM parts cost $18 (100). CMOS parts cost as little as $3 (100k). 
Windowless-PROM parts cost $8 (5000). 

SECOND SOURCE: Toshiba, NEC, Signetics/Philips, National Semicon¬ 
ductor, Oki, Fujitsu, UMC (Taiwan), with volume spread out among sup¬ 
pliers. 

CORE: Zymos has been using 80C49 as a core for ASICs for several 
years. Others are following because 8048/49 combines popularity with 
small core size. 

Description: Broad family of single-chip controller-type |xCs, including a 
version that can function as a slave (8041). Basic models don’t have 
serial communications ports (some versions from Philips do), but they 
can use 8080/85 peripherals for I/O expansion. See 8051 listing for en¬ 
hanced version. 


8-BIT NMOS AND CMOS 


Intel Corp 

Embedded Controller Operation 

5000 W Chandler Blvd 

Chandler, AZ 85226 

Phone (602) 961-8051 

For more information, Circle No. 353 


Status: Intel is still bullish about the 8048. However, Intel chose the 8051 
over the 8048 as the kick-off core for ASICs and says it has no definite 
plans to use the 8048 as an ASIC core. 


HARDWARE- CHARACTERISTICS -software 


PROGRAM SIDE-1-DATA SIDE 



Hardware notes: 

1. Diagram is for basic 8048. Table indicates some other basic parts, 
most of which exist in both NMOS and CMOS. 

2. CMOS parts are designated 80C48, 80C49, 80C50, etc. 

3. There are many other variations of the basic 8048 among the many 
suppliers. For example, Intel’s 8041/42 chips are software compatible 
but are configurable as slaves to host jjlPs for interface applications. The 
National NS 405/455 uses the 8048 core as the basis of a terminal 
controller. Siemens has the telecommunications-oriented 80C382/482. 
A number of semicustom houses use the 8048 as a core processor in 
their libraries. 


I— DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logic. 

Bit set and reset. 

Two working banks of 8-bit registers. 

II— DATA-MOVEMENT INSTRUCTIONS 

Both internal and external RAM are fully accessible by instruction set. 
Indirect and direct data fetches. 

III— PROGRAM-MANIPULATION INSTR 
Decrement and skip if zero. 

More than 20 conditional branches. 

8-level stack with expansion capability. 

Two vectored interrupts. 

Two programmable flag bits under software control. 

IV— PROGRAM-STATUS-MANIP INSTR 

Status word is fully accessible and is stored in the stack. 

Specification summary: Split-memory architecture with Ik to 4k bytes 
of program ROM or EPROM on chip and 64 to 256 bytes in separate 
space, also on chip. I/O has its own space and instructions to operate 
directly on I/O ports. All spaces are expandable: program memory to 4k 
bytes, data memory to 256 bytes, I/O to unlimited amounts. I/O can use 
8080/85 peripherals. Devices have 8-level stack for subroutine nesting 
and interrupt response. Dual banks of working registers allow rapid con¬ 
text switching. Family members execute their 1- and 2-cycle instructions 
at 1-cycle times ranging from 1.36 to 15 jisec. NMOS 5V technology in 
40-pin DIP and 44-pad chip carriers; UV-erasable ROMs (EPROMs) and 
windowless PROM parts are available. CMOS versions available with idle 
and power-down features and optional flatpack packages. The 8049KB 
can drive four 10-mA LEDs. 


Part 


Memory (bytes) 


no. 

8035 

8048 

8748 

8039 

8049 

8749 

8040 

8050 


ROM 

0 

Ik 

0 

0 

2k 

0 

0 

4k 


EPROM 

0 

0 

Ik 

0 

0 

2k 

0 

0 


RAM 

64 

64 

64 

128 

128 

128 

128 

256 


Package pins 

Parallel 

I/O 


3x8 


3x8 


3x8 

3x8 


3x8 


3x8 


3x8 


3x8 


•Also available in 44-lead PLCC package. 


Total 

40 

40 

40 

40* 

40* 

40* 

40 

40 


HARDWARE - SUPPORT -SOFTWARE 


From Intel: Intel plays down 8048 support, saying that there are now 
numerous third-party OEM suppliers of PC-hosted emulators for the 8048 
family. 

From NEC: Ekakit 84C-1 stand-alone emulator (less than $2000). 


From others: Because of the broad-based popularity of this family, doz¬ 
ens of independent sources of development and application software 
exist, including support on universal development systems from Tektronix 
(Beaverton, OR) and Applied Microsystems (Redmond, WA). 

Program library: Insite Library contains a variety of application programs. 


EDN November 22, 1990 
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8051/8052 FAMILY 


8-BIT NMOS AND CMOS 


AVAILABILITY: Now for 8051, 80C51, 8031, 80C31,8751, 87C51, 80C32, 
83C51FA, 87C51FA, 83C51FB, 87C51FB, 8032, 8052, and 87C51FC. 
COST: $2.30 (2k) for 8051; $33 (Ik) for 8751; $3 (2k) for 80C51: $2.95 
(2k) for 8052; $44 (Ik) for 87C51; $40 (Ik) for 8752; $4.40 (2k) for 80C52; 
$4.90 (2k) for 83C51FA; $45 (Ik) for 87C51FA; $50 (Ik) for 87C51FB; 
and $67 (Ik) for 87C51FC. 

SECOND SOURCE: Siemens, Signetics/Philips, Fujitsu, Oki, and Harris- 
Matra (France) licensed. 

CORE: Intel’s ASIC Components Group is using the 8051 as its starting 
|xP core. Signetics/Philips has the 80C51 core in its ASIC library. 

Description: Expandable single-chip controller, an enhanced version of 
the same supplier’s widely used 8048 family. Architecturally, it features 
nonpaged addressing for easier programming; more interrupts with extra 
RAM-register banks to service them; increased stack depth; and new 
instructions, such as multiply, divide, and compare. 


Intel Corp 

Embedded Controller Operation 

5000 W Chandler Blvd 

Chandler, AZ 85226 

Phone (602) 961-8051 

For more information, Circle No. 354 

Status: Generally thought of as the leader among the more powerful 
8-bit single-chip p,Cs. This family faces stiff competition from high-end 
8-bit fxCs, such as Mitsubishi’s 50740 version of the 6500/1, Motorola’s 
68HC11, NEC’s 7811, Hitachi’s 647180, and National’s COP800, as well 
as from 16-bit ^iCs, such as Intel’s own 8096 and National’s 16040. The 
8051 is among the most widely used cores in market-specific \lCs. 


HARDWARE- CHARACTERISTICS -software 


1 DATAPTR(16) I 

L- 

-J 



1 1 
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(WITH MEM 
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H 


F 
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external 

-INTERRUPT 
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TIMER. 

-EVENT 
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LOW ORDER ADDRESS 
DATA MULTIPLEXED 


CONTROL 

BUS 


I— DATA-MANIPULATION INSTRUCTIONS 

Arithmetic, including add, subtract, multiply, and divide. 

Bit manipulation, including complex tests on bits and branching on results. 

II— DATA-MOVEMENT INSTRUCTIONS 

Register addressing for the 8 working registers in the 4 register banks. 
Direct, immediate, and indirect data addressing for more general data 
accessing. 

Table look-up in ROM via data pointer. 

III— PROGRAM-MANIPULATION INSTR 

Depth of subroutining limited only by available space in 128- or 256-byte 
on-chip RAM. 

Conditional jumps on status-register flags. 

Conditional jumps on comparisons. 

Vectored interrupts to service 2 external interrupts, timers, and a UART. 

IV— PROGRAM-STATUS-MANIP INSTR 

CPU’s program-status word is fully accessible via software. Status bits 
in timer and UART are also software accessible. 

Specification summary: Expandable single-chip ^iC. Split-memory archi¬ 
tecture has 4k- to 8k-byte ROM on chip and 128 to 256 bytes of RAM 
on chip. Each memory is expandable externally to 128k bytes. Four 8-bit 
ports on chip, but only one of these remains a port when you use all 
off-chip expansions and on-chip special functions. On-chip special func¬ 
tions include full-duplex hardware UART (to 500k baud), two or three 
16-bit timer/counters, and interrupt system to service these internal func¬ 
tions along with two external interrupts with 3- to 7-|xsec latency. Instruc¬ 
tions are a superset of the 8048’s, with paged addressing eliminated. At 
12-MHz clock frequency, most instructions take 1 jxsec; multiply or divide 
requires 4 p,sec. 8051 is also available in CMOS (80C51) with 12- or 
16-MHz performance and idle/power-down modes. 


Hardware notes: 

1. The 14 members of the 8051 family have between 128 and 256 bytes 
of RAM and differ mainly in their amount and form of on-chip ROM. 

2. The 8051 ’s Boolean-processor capabilities refer to the way instructions 
can single out bits in RAM, accumulators, I/O registers; perform complex 
bit tests and comparisons; then execute relative jumps based on results. 

3. Intel has one 8052 model preprogrammed with a full Basic interpreter. 

4. Dallas Semiconductor (Dallas, TX) offers an 8051-instruction-code- 
compatible |iP ($9.70 (1000)), which converts as much as 64k bytes of 
SRAM into lithium-backed nonvolatile memory. The chip also provides 
a serial bootstrap loader for initialization, crashproofing circuitry to save 
current state, and on-chip software encryption that loads and executes 
the application in unintelligible form. 

- HARDWARE -- SUPPORT -SOFTWARE 


From Intel: ICE-5100/252 in-circuit emulator ($5495) supports the entire 
MCS-51 family including 8051, 8052, and 80C52. Comes with macroas¬ 
sembler and editor. IBM PC/AT/XT, running DOS 3.1 or later versions, 
and Intellec Series lll/IV development systems host the emulator. Nohau 
(Campbell, CA) and MetaLink (Chandler, AZ) provide PC-hosted emula¬ 
tion systems for Signetics/Philips standard and derivative jaCs. 


From Intel: ASM-51 and PL/M-51, both containing a relocation and link¬ 
age utility, are available for the IBM PC and Intel microcomputer develop¬ 
ment systems. 

From others: Many third-party software suppliers offer C compilers for 
8051 with special features suited to microcontroller applications. Three 
such compilers are Micro Computer Control’s (Hopewell, NJ) for $1495, 
Archimedes Software’s (San Francisco, CA) for $851, and Franklin Soft¬ 
ware Inc’s (San Jose, CA) for $895. All are hosted on IBM PC. 
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Mitsubishi Fast SRAMs 


When You Need 
East Cache. 


^o^/lM7 40MHz 


50MHz 



Reality is, no matter how fast you design your 
systems, customers always want them faster. To stay 
ahead, you need fast access to ultra-fast SRAM 
access times. And, Mitsubishi helps you lead the 
cache memory race with fast, 15ns Static RAMs in 
28-pin SOJ, DIP 
and flat packages. 

Mitsubishi’s 
fast SRAMs let 
you cash in on 
your cache sub¬ 
system perfor¬ 
mance. Just match memory density and organization 
with any of the popular industry-standard micropro¬ 
cessors. You get the speed you need, and use fewer 
components. In fact, with its on-chip address latch. 


the M5M5180A can reduce chip count by as much as 
50% in an 8K x 32 cache memory subsystem. 

Mitsubishi’s cutting-edge, 0.8 micron CMOS 
technology and mask/bonding wire option let you 
interchange/upgrade SRAMs without requalifying each 

device. So, your 
design and redesign 
processes are faster 
than ever. 

Set your sights 
on Mitsubishi’s fast 
Static RAMs for 
cache subsystems and pick the speed that will get you 
to market quick. And, to get to market in strength, 
turn the page. You’ll quickly discover our volume 
production capabilities. 


Part No. 

Organization 

Access Time 
ns 

Package (all 28 -pin) 

M5M5178A 

8Kx8 

15, 20, 25 

SOJ, Flat Pack, DIP 

M5M5179A 

8Kx9 

15, 20, 25 

SOJ, Flat Pack, DIP 

M5M5180A 

8K X 8 (Latched) 

20, 25 

SOJ, Flat Pack, DIP 


A MITSUBISHI 

ELECTRONIC DEVICE GROUP 


EDN November 22, 1990 
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Mitsubishi Static RAMs. 


When you 

Your design is almost finished. Or, maybe you’re 
just starting. Perhaps you’re ready to place production 
orders. In any event, if your design requires SRAMs 
you’ll need a lot of them. Fast. Enter Mitsubishi. 

Whether fast or slow SRAMs, you can count on 
us to deliver critically high-volume quantities, just in 
time to get your production lines moving. 


need a lot 

From fast, 15ns 64K SRAMs and 35ns 1 megs, to 
standard 128K x 8 devices, we give you high perfor¬ 
mance in a steady flow, straight from dedicated 
Mitsubishi SRAM factory lines. 

Mitsubishi offers the production quantities you 
need and the speeds you want. Plus, we give you 
through-hole and surface-mount packaging options. 



I Part No. Organization Access Time Package 1 

1 ns 1 

M5M5165 

8Kx8 

70, 100, 120 

DIP, Flat Pack 

M5M5255B/ 

I M5M5256B 

32Kx8 

70, 85, 100, 120 

DIP*, Shrink DIP, ** 3 

Flat Pack, TSOP 3 

I M5M51008 

128Kx8 

DIP, Flat Pack, TSOP**’ 

I M5M5178 

8Kx8 

15, 20, 25, 

35, 45, 55 

DIP, SOJ, 

Flat Pack **** 

I M5M5179 

8Kx9 

I M5M5180 

8K X 8 (Latched) 

20, 25 

dip; SOJ, Flat Pack 

M5M5187 

64Kx 1 

15, 20. 25, 

35, 45, 55 

DIP,SOJ 

M5M5188 

16Kx4 

M5M5189 

16Kx4(/OE) 

M5M5257 

256K X 1 

M5M5258 

64Kx4 

I M5M51001 

1Mx 1 or256Kx4 

35, 45 

1 M5M51004 

256K X 4 (/OE) 

1 * 600 mil ** 300 mil *** TSOP: Thin-small-outline-package; also available in reverse pin-out. | 

1 **•* Flat package available in 25ns speeds and faster. ■ 

rf Some new products subject to availability. T 

L=-^ 
































When you 

When you need to pack more memory in less 
space and reduce power, Mitsubishi offers standard and 
soon, fast SRAMs in TSOP (thin-small-outline packag¬ 
ing). Static RAM packaging can’t get any smaller than 
the TSOP, since it’s virtually the size of the die. 

Our TSOP SRAMs take up only half the surface 
area and are four times smaller in volume than equiva¬ 
lent pin-count, standard surface-mount packages. And, 
with a profile half that of standard surface-mount 


needless. 

packages (1.2mm) and a low standby current (20|iA to 
50 |jA), TSOPs are perfect for portable, handheld, battery- 
backed applications. 

So, if your design requires a lot of static RAM or just 
a little, call Mitsubishi for some action. We’ll bring your 
vision to reality. Mitsubishi Electronics i.=ir£ 3 f^. 3 = sm 

America, Inc., Electronic Device Group, 

1050 E. Arques Ave., Surmyvale, CA 

94086. 1-800-624-8999 ext. 178C. ^^EALITY 



TSOP 



A MITSUBISHI 

ELECTRONIC DEVICE GROUP 


CIRCLE NO. 103 
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TSSST... 


Even though they're 
Power Factor Corrected, 
the power supplies you're 
now using could ban your 
products from Europe after 
1992. They might keep 
you from doing business 
domestically, too. 

Your PFC supplies 
might not meet lEC 555-2 
because they have too 
much current circulating in 
third and fifth order line 
current harmonics. 

Pioneer supplies have less 
than 5% total harmonic 
current content. They 
feature built-in >.99 active 
Power Factor Correction, 
meet proposed lEC 555-2, 


all applicable international 
safety and EMC standards, 
and are available from 250 
to 2000 watts, in single or 
multiple outputs. Delivery 
for most models in OEM 
quantities is 60-90 days. 

RS. — We apologize for 
not having brought you 
this information earlier. 
But the word is out. We've 
been shipping our PFC 
supplies worldwide for 
more than two years. So 
call us now at 800-233- 
1745, or 800-848-1745 
in California. 
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TMS370 FAMILY 


AVAILABILITY: Now. 

COST: ROM-based devices range from $3.50 to $11 (100k) depending 
on program memory, peripherals, and on-chip EEPROM mix 
SECOND SOURCE: None. 

Description: Software-compatible family of CMOS jiCs with on-chip 
EEPROM and peripheral support functions. Modular design architecture 
provides flexible reconfiguration and reduction in product design time. 
Various family members incorporate an 8-channel, 8-blt A/D converter, 
enhanced timers, serial peripheral interface, serial communications inter¬ 
face, EPROM, EEPROM, and ROM. Instructions typically perform com¬ 
bined load, operation, and store functions, increasing system perform¬ 
ance and code efficiency. Form-factor emulator versions replace ROM 
with EPROM or EEPROM and allow prototyping and small runs. 


8-BIT CMOS 


Texas Instruments Inc 

Microprocessor and Microcontroller Products Div 

Box 809066 

Dallas, TX 75380 

Phone (800) 232-3200 

For more information, Circle No. 355 


Status: Supports real-time applications that may previously have required 
analog, bit-slice, or multiple controllers. The alterable nonvolatile memory 
allows the jxC to retain critical data without power. The vendor offers 
16 function modules that it will configure for your application if your 
volumes exceed 50,000. 


HARDWARE- CHARACTERISTICS -software 


INTERRUPTS SYSTEM 

CLOCK CONTROL 




( 

:pu 

RAM 

(256 BYTES USABLE 
AS REGISTERS) 


PROGRA 

ROM. 

ORE 

M MEMORY 

EPROM. 

EPROM 

DATA EEPROM 

256 OR 512 BYTES 





BUS EXPANSION 


DATA 

pADDRESS-j 
LSB MSB 

CONTROL 

N 



“FT 

PORTA 

PORTB 

PORTC 

PORTD 



A/D 

CONVERTER 


SERIAL 

PERIPHERAL 

INTERFACE 


SERIAL 

COMMUNICATIONS 

INTERFACE 


Hardware note: 

Diagram reflects the TMS370x5x, which supplements the 370Cx1x’s sin¬ 
gle 16-bit timer, serial peripheral interface, programmable timer, 128-bit 
SRAM, and optional 256-bit EEPROM with a second 16-bit timer, a serial 
communications interface, memory expansion ports, another 128 bits of 
SRAM, and an 8-channel 8-bit ADC. The 370Cx3x contains a programma¬ 
ble timing module with watchdog timer, a miniserial communications inter¬ 
face, an 8-channel 8-bit ADC, 256-bit SRAM, and optional EEPROM. 


I— DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, 8 x 8-bit multiply, 16 x 8-bit divide, and BCD. 

Logicals, increment, and decrement. 

Rotates right and left. Bit test. Set bit. 

II— DATA-MOVEMENT INSTRUCTIONS 

Dual-operand moves avoid time wasted going through accumulator. 
Apply to many instructions. 

Indexing via B register. 

16-bit moves. ' 

III— PROGRAM-MANIPULATION INSTR 

Call and return. Trap. Bit test and jump on both I/O and memory. Condi¬ 
tional jumps using program-counter-relative addressing. 

IV— PROGRAM-STATUS-MANIP INSTR 

Status register contains carry, sign, zero, overflow, and interrupt enable. 
Instructions to change carry and interrupt enable. 


Specification summary: The programmable timer module uses the on- 
chip dual-ported RAM to store its commands as well as the timer values. 
This module allows input capture on as many as 6 pins, 4 of which have 
a programmable prescaler. The TMS370 CMOS family members use a 
5V supply over the oscillator frequency range of 2 to 20 MHz and over 
the temperature range of -40 to +85°C. The application program, register 
file, and peripheral file share memory space. 


TMS370 family matrix 


ROM 

FFE 

Data EEPROM 
RAM 

Timer 1, watchdog 
timer 
Timer 2 

Serial peripheral 
interface 

Serial communications 
interface 
A/D port 
I/O links 
Package 


370CxC 


4k 

4k EEPROM 
256 
128 


22 

28 DIP/PLCC 


370Cx32 


8k 

8k EEPROM 
256 
256 


55 

68 PLCC 


370CX50 


4k 

4k EEPROM 
256 
256 


55 

68 PLCC 


370CX52 


8k 

16k EPROM 
256 
256 


55 

68 PLCC 


370CX56 


16k 

16k EPROM 
512 
512 


55 

68 PLCC 


HARDWARE SUPPORT -SOFTWARE 


From Tl: XDS/11 is a IBM-PC-driven interactive development system 
($2850). It provides full-speed, in-circuit emulation and debugging func¬ 
tions. XDS/22 development system ($8250) adds extended breakpoint, 
trace, and timing functions to the XDS/11 system. A design kit ($370) 
lets you analyze the feasibility of using the TMS370 family for your appli¬ 
cation. EEPROM programmer ($1250) comes with power and interface 
cables, software, and sockets for the 370 family and EPROMs such as 
the 2732, 2764, 27128, and 27256. 

From others: ElectroRent provides rental use of Tl tools for IBM PCs 
Logical Devices (Fort Lauderdale, FL) has a TMS370 microcontroller mod¬ 
ule for AllPro programmers. 


From Tl: Cross-assembler, linker, full ANSI C compiler, and C source 
debugger available on IBM PCs and DEC VAXs under VMS. 

From others: Allen Ashley (Pasadena, CA) supplies an assembler/linker 
and Intermetrics (Cambridge, MA) offers a C compiler that runs on IBM 
PCs. Macrochip Research (Carrollton, TX) has an assembler and 
midrange emulator for both IBM and Macintosh personal computers. 
P&E Microcomputer Systems (Woburn, MA) provides an integrated as¬ 
sembler and simulator for IBM PCs. 
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6804/6805 


8-BIT NMOS AND CMOS 


AVAILABILITY: Now for most models. Motorola can build customer- 
specified versions in as little as six months. 

COST: $1 to $8. CMOS parts are more expensive than NMOS ones. 
SECOND SOURCE: Harris, Hitachi, and SGS Thomson. 

CORE: Motorola and NCR have a joint ASIC pact to use CMOS 6805 
as a core along with NCR’s similar 6502 p-P core. SGS Thomson has 
ST6 core, which has architecture somewhat similar to the 6804’s. 

Description: Family of single-chip |xCs based loosely on 6800 architecture 
but In some ways more like 6502 (especially 6805). Family offers various 
amounts of I/O, RAM, and ROM. Internal bus frequencies span dc to 4 
MHz. Some parts contain an on-chip A/D converter, EEPROM, serial 
I/O, and software security. Customer-specified microcontrollers use this 
core for mixing and matching of peripherals to reduce cost for specific 
customer applications. 


Motorola Microprocessor Products Group 

6501 William Cannon Dr W 

Austin, TX 78735 

Phone (512) 891-2000 

For more Information, Circle No. 356 

Status: Supplier’s steady commitment to this family over past 12 years 
has paid off. It trails only the 8048/49 family and the 50740 in market 
share. Motorola continues to expand the 6805 family, using Its CSIC 
(customer-specified integrated circuit) concept. 


HARDWARE- CHARACTERISTICS -software 


CLK 


INSTR REG 

1 MHz 


CONTROL 

2; 

V ^ 


ROM & LOGIC 




c 

INC DEC 

) 




::: 

PC/HI (3) 



PC/LO(8) 



SP/HKFIXED) 


=! 

SP/LO(5) 



INDEX/LO(8) 



ACC (8) 



STATUS(5) 




Hardware notes: 

1. Diagram Is for nonexpandable Model P2 in a 28-pin package. 

2. Comparison of 6805 with 6800: Stack Is only 64 bytes deep. Only one 
accumulator. Index register can only span 256 memory locations. How¬ 
ever, family supports a 16-bit offset addressing mode, thus the jjlP can 
access 256-byte tables anywhere within the memory space. Program 
counter is as long as 14 bits in some members of this family. Only one 
external interrupt is provided, but some models have timer-input capture 
pins, which may provide additional edge-triggered inputs. 

3. Note additional 116 bytes in ROM for built-in self-check program that 
tests I/O, ROM pattern, RAM, and interrupts. Special pin initiates pro¬ 
gram. 

4. Harris has ROMIess emulator versions (68EM05/C4,D2) for prototyping 
and low-volume production. Harris brings all ROM access buses out for 
direct interfacing to industry-standard EPROMs. Available in 40-pin piggy¬ 
back for 2764. 

5. Motorola currently has five field-programmable 68HC05 versions with 
on-chip EPROM instead of mask ROM to permit development and low- 
volume production. 


I— DATA-MANIPULATION INSTRUCTIONS 

All 6800 arithmetic, logic, and shift instructions. Bit set, clear, and branch 
on bit test. Bit tests can be made on all I/O and direct-page memory bits. 
68HC05 has 8 x 8-blt multiply. 

II— DATA-MOVEMENT INSTRUCTIONS 
Relative addressing allows data relocation. 

True indexing within the 256-location limits of 8-bit index. 

III— PROGRAM-MANIPULATION INSTRUCTIONS 

18 conditional branches, including branch of interrupt line test. 

Mostly the same conditional branches as the 6800, but with more empha¬ 
sis on branch-upon-bit and interrupt tests. 

Only 15 levels of subroutine nesting, including interrupt returns; 31 levels 
on certain new parts. 

Four sources of interrupts: external, timer, software, and reset. 68HC05 
has vectored interrupts to service its serial-communications and periph- 

orol intorfiii^oc 

IV— PROGRAM-STATUS-MANIP INSTRUCTIONS 

Instructions for manipulating bits in status register and timer. 

V— POWER-SAVING INSTRUCTIONS 

CMOS 6804s and 6805s have Stop and Wait instructions and will safely 
reset themselves when the clock is reapplied. 

Specification summary: Common-memory architecture in which instruc¬ 
tions, data, I/O, and timers all share the same memory space. This 
scheme allows bit manipulation and rotation of I/O. Dedicated bit manipu¬ 
lation includes bit set/clear and branch on bit set/clear. A 4-MHz oscillator 
provides a 1-MHz internal cycle on most 6805 versions. New 68HC05S 
have a 2.1-MHz internal bus speed. Some, like the 68HC705C8, are 
available with a 4-MHz bus speed. Some parts offer program security, 
on-chip 5V EEPROM, A/D converter, serial peripheral interface, serial 
communications interface, timers, PWM D/A converter, LCD drivers, 
DTMF generators, and other customer-specified peripherals. Family con¬ 
sists of NMOS and CMOS parts in 20-, 28-, and 40-pin DIPs, SOICs, and 
shrink DIPs; 44-, 52-, and 68-pln PLCCs; and other fine-pitch packaging 
options. 


Family 

Speed 

bus 

(MHz) 

Instruc¬ 

tions 

On-chip 

ROM 

RAM 

I/O 

pins 

Timer 

Inter¬ 

rupts 

Power 

consump¬ 

tion 

(mW) 

Pins 

6805 

Min 

0 

51 

Ik 

64 

16 

— 

3 

0.01 

28 


Max 

2 

59 

4k 

176 

32 

Yes 

5 

-700 

40 

68HC05 

Min 

0 

62 

Ik 

96 

32 

Yes 

2 

0.25 

40 


Max 

4 

62 

16k 

304 

32 

Yes 

2 

0.25 

68 


HARDWARE - SUPPORT -SOFTWARE 


From Motorola: The less costly M68705EVM (HMOS) and M68HC05EVM 
(CMOS) boards, which have ports to a terminal and host computer, pro¬ 
vide target-system emulation. 

From Harris: Single-board evaluation kit that interfaces to IBM PC via 
RS-232C line. 

From SGS Thomson: INICE4-8 development and emulation system. 

From others: A number of third-party companies, including Sophia Sys¬ 
tems (Santa Clara, CA) and American Automation (Tustin, CA), provide 
hardware emulators for the 6805 family. Most of these emulators interface 
to IBM PCs. 


From Motorola: You can obtain software free for downloading over phone 
lines by calling (512) 891-3733. 

From SGS Thomson: Interactive development software. 

From others: Many cross macroassemblers and linking loaders, some 
relocatable. RELMS (San Jose, CA) has cross support for Intel develop¬ 
ment systems. Avocet Systems Inc (Rockport, ME) has cross-assemblers 
for 6805 and 6804 that run on IBM PCs and compatibles. Introl (Milwau¬ 
kee, Wl) provides cross-compilers and cross-assemblers. C cross- 
compiler with macro cross-assembler from Bytecraft Ltd (Waterloo, On¬ 
tario, Canada). 


108 


EDN November 22, 1990 































































































































Brighten-up Your Display Designs. 

Tum-onto ition VFD Super-Smart Modules. 



VACUUM FLUORESCENT 
DISPLAYS □ MODULES 
Patented and manufactured by 


ISE ELECTRONICS CORP. 


Proprietary advanced VFD technology now allows 
Noritake to offer a broad line of super-smart dot 
character and dot matrix vacuum fluorescent display 
modules that will satisfy the most demanding 
requirements. 

□ HIGH VISIBILITY □ LOW POWER 

□ SURFACE-MOUNT TECHNOLOGY 
□ LONG-TERM RELIABILITY 
□ SVdc POWER SUPPLY OPERATION 

□ WIDE TEMP RANGE: -40«C TO -t-SS^C 

NORITAKE ' BARRYMORE" BONE CHINA PLATE SHOWN 


/ WORLDWIDE FOR 

itroti 


yyr-i rr “r*? "•r'** •• *r - •*>» - 


MOOe. CU20SS€i»i 
; DOT CHARACTER DISPLAY MODULES 


CHARACTER 

FORMAT 

MODEL 

NUMBER 

NUMBER 

OF 

CHARACTERS 

CHARACTER 

HEIGHT 

(MM) 

INPUT 
(SERIAL/ 
PARALLEL) . 

Bi-OIRECT 

BUS 

it 

WIDE 

TEMP. 

RANGE 

MODELS 

bB 

CU165SCPB-S 

1 X 16 

5.0 

S/P 



CU169SCPB-L 

1 X 16 

9.0 

P 

X 



CU205SCPB-S 

1 X 20 

5.0 

S/P 



CU209SCPB-L 

1 X 20 

9.2 

P 

X 



CU2015SCPB-L 

1 X 20 

15.1 

P 

X 


m 

CU406SCPB-S 

1 X 40 

5.0 

P 

X 


CU20026SCPB-S 

2 X 20 

5.1 

P 

X 

X 


CU40026SCPB-S 

2 X 40 

5.0 

P 

X 

X 

MATRIX 

: PLIK 

CU40046MCPB-S 

4 X 40 

5.0 

S/P 

X 

X 

CURSOR 

CU40066MCPB-S 

6 X 40 

5.0 

s/p 

X 

X 


CU40086MCPB-S 

8 X 40 

5.0 

p 

X 

X 


DOT MATRIX DISPLAY MODULES 


DOT MATRIX FORMAT 
' (OOTS/LINE X 

MODEL 

NUMBER 

' NO. OF LINES AND 
CHARACTERS/UNE 
(5x7 DOT CONFIGURATION) 

GRAPHICS 

ICAPABIUTY 


GU192X16 

2 X 32 

YES 

256 x 16 
(4096 DOTS TOTAL) 

GU256X16 

2 X 42 

YES 

256 x 64 

(16,384 DOTS TOTAL) 

GU256X64 

8 X 42 

YES 


♦OPTIONAL 


The models shown are typical of the broad selection 
available on an immediate delivery basis. Contact our 
nearest sales office or representative for counsel on the 
best Noritake VFD for your application, as well as for details 
on costs, custom designs, deliveries, etc. 


NORITAKE CO.. INC □ ELECTRONICS DIV. U.S.A. SALES OFFICES 

WEST: 23820 Hawthorne Blvd. □ CENTRAL: 415 E. Golf Rd. □ EAST 263 Winn Street SOUTHWEST 2454 Trade Mart Dr. 

Suite 100 □ Torrance. CA 90505 Suite 109 □ Arlington Hts., IL 60005 □ Suite ID □ Burlington, MA 01803 □ Dallas, TX 75207 

(213) 373-6704 □ FAX (213) 772-3918 (312) 439-9020 □ FAX (312) 593-2285 (617) 270-0360 □ FAX (617) 273-2892 (214) 742-9389 □ FAX (214) 747-5065 


NORITAKE EUROPA Q.M.B.H. □ Etectrofiics Wv. NORITAKE CO., LTD. □ Electronics DIv. 

Frankfurter Strasse 97-99. D-6096, Raunheim. F.R. Germany 1-36 Noritake Shinmachi. 3 Chome, Nishi-Ku, Nagoya. Japan 

Phone: 06142-43095 □ FAX: 06142-22799 □ TLX: 4182982 dn d Phone: (052) 562-0336 □ FAX: (052) 581-1679 □ TLX: 59738 


REPRESENTATIVES 

WA, OR: (503) 684-1671 □ Components West, Inc. No. CA, NV: (415) 961-1422 □ Westech Sales So. CA: SD (619) 292-1771 / OC (714) 891-4621 
□ ELSCO TX, OK, AR, LA: (214) 386-4888 □ Norcom. Inc. CO, UT: (303) 794-4684 □ MRC OH, WV, W. PA, KY: (216) 461-6161 □ Arthur H Baier 
No. IL, So. Wl: (312) 439-9810 □ Coombs Asso., Inc. AL, GA, MS, TN: (205) 533-1730 □ Interep Asso. IN: (317) 844-4842 □ Fred A. Dorsey & Asso., Inc. 

No. Wl, MN, No. lA, NO, SD: (612) 536-9512 □ Tech. Components N.E.: (508) 788-0316 □ Int. Mktg. Group PA, MD, DE: (215) 233-0333 
□ C.H. Newsom & Associates FL, Puerto Rico: (407) 831-8233 □ Semtronic Asso., Inc. NY, NJ: (201) 376-3324 □ F.R Sylvester Asso. VA: (804) 740-0063 
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New controller provides simultaneous control of two, independent power supplies. 

The PIA 3200 Controller allows a user to set the voltage and output current, and measure or read 
back the set values. A pair of fully isolated channels provide for the control of two independent, 
regulated power supplies such as the PAK series of burn-in switchers, and high-current PAD-L/LP 
supplies. 

An advanced GPIB interface function and sequence control mode, used for programmable control, 
enables DC power supplies to be compatible with automated measuring systems and provides for up 
to 56 settings of the output voltage, output current, overvoltage and voltage drop protection for each 
channel. The programming format conforms to IEEE-488. 

The sequence control mode permits storage of each DC power supplies' settings and execution 
times, up to a maximum of 256 steps per sequence, via the GPIB interface. Storage and recall of up to 
six sequence patterns between any consecutive addresses can also be achieved. Normal speed mode is 
50 msec-130 min/step; high speed mode is 0.2 msec-999.8 msec/step. 

DC switchers offer low-noise, high power in a compact package. 

New, low-noise DC CC/CV power supplies combine high current, small size and high power 
density for systems or bench applications. Output voltages range from 0-6 to 0-60 VDC with capacities 
of 350 W, 700 W and 1000 W. 

Power densities of the PAK series range up to 2.5 watts per cubic inch. A typical 1000 W supply is 
packaged in a 19-lb. 5" x 8" x 14" enclosure. 

Overall efficiency of 80% reduces power consumption, system heat radiation, and cost per watt. Line 
and load regulation averages ± 0.30% over the full input range. Ripple is typically 2% of nominal 
output at full load current. 

New 50 W, 150 W and 300 W modular electronic loads can test multiple output power s up¬ 

plies, batteries, capacitors, and process control I/O ports. 

These rack-mounted loads are ideally suited for use in systems applications such as burn-in power 
supply testing and battery and capacitor discharge tests. 

A single rack mount, for example, accommodates up to eight 50-watt, four 150-watt, two 300-watt 
loads or various combinations up to 600 W. Depending upon the capacity, input voltages may range 
from less than 2 to 60 VDC. 

The constant current, contact voltage and constant resistance modes may be remotely controlled 
using external voltage. Computer control for the PLZ-WU series is available using the GPIB bus. 

New software-controlled power test systems provide fast, flexible test solutions without 

expensive programming. 

The KITS (Kikusui Intergrated Test Systems) software package, built around National Instruments 
Lab Windows™, is a powerful window-oriented, menu-driven environment with interactive develop¬ 
mental, capabilities that allows the user to plug in a variety of programmable instruments from various 
manufacturers. Directly available from Kikusui are digital scopes, electronic loads, AC & DC power 
sources and hi-pot test systems. The system provides optimal instrument control, ease of programming 
and simplified characterization of the Unit Under Test (UUT). In addition to running tests, this combi¬ 
nation hardware/software system offers the necessary tools to analyze, display and store test parame¬ 
ters and data. 
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6801/6301/68HC11 

AVAILABILITY: Now. 

COST: From less than $3 to $20 (1k). 

SECOND SOURCE: Hitachi, SGS Thomson, and Toshiba. Hitachi second- 
sources the 6801 and calls the part 6301. SGS Thomson sources the 
6801. Toshiba is a second source for 68HC11 devices. 

Description: 6801 is a large, expandable, single-chip version of the 6800, 
with enhancements that include 10 more instructions, serial I/O, 8 x 8-bit 
multiplication, and a multifunction 16-bit timer. 68HC11 has a second 
16-bit-wide register; an 8-function timer; a 2-function pulse accumulator; 
an enhanced DART (SCI); a 1-MHz serial shifter; an 8-channel, 8-bit A/D 
converter; and a 512-byte EEPROM. One-time-programmable/mask ver¬ 
sions include as much as 24k-bit on-chip EPROM/ROM and built-in device 
selects and bank switching circuits for as much as 20-bit addressing. 


8-BIT NMOS AND CMOS 

Motorola Microprocessor Products Group 

6501 William Cannon Dr W 

Austin, TX 78735 

Phone (512) 891-2000 

For more information, Circle No. 357 

Status: This family has been well received. Motorola is now following 
migration of customers to more powerful single-chip devices and is con¬ 
centrating on the 68HC11 enhancement of the 6801, such as increased 
on-chip EEPROM. The company is also adding various peripheral func¬ 
tions in many of the family derivatives. 


HARDWARE- CHARACTERISTICS -software 







r 




EXT 




5 

MEM 






CONTROL 

BUS 


ADDR BUS 

Hardware notes: 


1. Diagram is for 6801. See table for other family members. 

2. Motorola provides one-time-programmable versions of some HC11 
family members that have EPROM program memories in inexpensive 
windowless packages for one-time programming in moderate-volume 
production (to 10k). 

3. Motorola’s 68HC11 is a much enhanced 6801. 68HC11A8 has a 512- 
byte EEPROM; 68HC811E2 has a 2k-byte EEPROM; 68HC711E9 has a 
12k-bit EPROM; 68HC711K4 has a 24k-bit EPROM. 


I— DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logic. 

Instructions to take advantage of 2 accumulators, including 8 x 8-bit multi¬ 
ply. 68HC11 has additional 16-bit operations, integer and fractional di¬ 
vides, and bit manipulation. 

II— DATA-MOVEMENT INSTRUCTIONS 

Can reach the first 256 locations of memory with short instructions. 

Can list-process efficiently with the index register (2 on 68HC11) and can 
add accumulator to index register within a 64k-byte range. 

Relative addressing allows data relocation. 

Has 16-bit load and store. 

III— PROGRAM-MANIPULATION INSTRUCTIONS 

Has PDP-11 branches and conditional branches. Has unlimited subroutine 
nesting via stack pointer, addressing LIFO stacks in RAM. 

Eight levels of prioritized, vectored interrupts (21 on 68HC11). 

IV— PROGRAM-STATUS-MANIP INSTRUCTIONS 

Instructions for storing status register or transferring to or from accumula¬ 
tor. 68HC11 has additional active bits related to stop mode. 

V— POWER-SAVING INSTRUCTIONS 

6301 has sleep instruction. 68HC11 has Stop and Wait instructions similar 
to 146805 but with disabling provision via a bit in the status register. 

Specification summary: Expandable single-chip p.C with common- 
memory architecture in which all instructions, data, I/O, control, and data 
registers share the same memory space. This scheme allows I/O to be 
handled like memory with all instructions applying. Instruction set is up¬ 
wardly compatible with 6800, with 10 additional instructions for 6801 and 
88 new op codes for 68HC11. The ROM, RAM, and I/O resources for 
6801 and 68HC11 families are detailed in the table. Internal bus speed 
to 2 MHz for 6801 and from dc (asleep) to 4 MHz for 68HC11. The 6801 
is fabricated in NMOS, the 6301 is fabricated in CMOS, and the Motorola 
68HC11 is fabricated in static CMOS to allow dormant, micropower 
“asleep” state. 6801 in 40-pin DIP, 6301 in 64-pin DIP and flatpack, and 
68HC11 in 48-pin DIP and 52-, 68-, and 84-pin PLCCs. 

Software notes: 

1.6801 has all 6800 pP instructions plus 10 new ones to handle additional 
resources such as advanced serial I/O ports and timers. 

2. 68HC11 has enhanced 6801 instruction set with 88 additional op codes. 




Memory 


Internal 

bus 



Timer 

event 




On chip 


I/O 


Part 

Description 

ROM 

RAM 

Ext 

speed 

Parallel 

Serial 

ctr 

Pins 

6801 

Expandabie 
1-chip/iC 

2k 

128 

64k 

0.5M-2.0M 

29 

3 

3x16 

40 

68701 

EPROM 
version of 

6801 

2k 

128 

64k 

0.5M-2.0M 

29 

3 

3x16 

40 

6803 

ROMIess 

6801 

— 

128 

64k 

0.5M-2.0M 

13 

3 

3x16 

40 

68HC11 

Note: Part: 

CMOS with 
UART, serial 
I/O, 8-bit A/D 
converter 

s have two exte 

24k 

(Also 

EEPF 

fnal inte 

768 

• 512 
tOM) 
jrrupts. 

2M 

0-4M 

28 

32 

6 

4x16 

48 

(DIP) 

52. 68, 84 
(QUAD) 


HARDWARE - SUPPORT -SOFTWARE 


From Motorola: For 6801 family, M68701EVM is an evaluation module 
that has a port for terminal and a port for any RS-232C host and will 
program 68701 EPROM parts. For 68HC11, the similar M68HC11EVM. 
Also M68HC11EVB boards ($168.11) for evaluating single-chip configura¬ 
tion of HCIIs. For both 6801 and 68HC11, the under $3000 PC-based 
CDS8 Jewelbox series of development systems features real-time, nonin- 
vasive in-circuit emulation with real-time tracing and other debugging 
capabilities. 

From SGS Thomson: INICE4-8 development and emulation system. 
From others: Third-party hardware development systems, such as 
CT68HC11 ($5000 to $6000) from Ashling Microsystems Ltd (Limerick, 
Ireland). 


From Motorola: You can obtain software free for downloading over phone 
lines by calling (512) 891-3733. C compiler runs on Unix System V for 
68HC11. For the least expensive approach, use 6801 parts with Lilbug 
monitor in on-chip ROM (MC6801L1). 

From SGS Thomson: Interactive development software. 

From others: Cross macroassemblers and linking loaders, some relocat¬ 
able, run on popular minis and personal computers. For example, C 
compiler from Archimedes (San Francisco, CA) runs on the IBM PC 
($995) and DEC VAX ($3995 to $5995). 
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6500/1, 65C124, 65C265, 50740, 37700 


AVAILABILITY: Now for all NMOS and most 8-bit CMOS parts. 

COST: Prices range from $2 to $20 according to complexity of part and 
volume. Volume leader Mitsubishi’s prices range from $4 to $60. 
SECOND SOURCE: NCR (licensed) and California Micro Devices for 
Rockwell NMOS parts. Western Design Center (WDC) has licensed a 
number of suppliers worldwide for its CMOS designs. 

CORE: Standard megacell in libraries of NCR, Mitsubishi, WDC, SMC, 
and several others. Widely used because of compact 6502 die size. 

Description: There are three different sources for single-chip versions 
of the 6502 \lP: the original 6500/1 NMOS family from Rockwell, the new 
65C124 and -134 CMOS family from WDC, and the 50740 CMOS family 
from Mitsubishi. Most parts are 100% software compatible with 6502, 
although in some cases enhanced instructions such as bit manipulation 
have been added. Because of the small size of the 6502 core, many 
parts take a standard-cell ASIC approach. Vendors claim these 1-chip 
sets have a speed advantage over competing single-chip devices due 
to the 6502’s 2-cycle bus and pipelining. 

Status: Mitsubishi’s 50740 Series is a top volume leader among 8-bit 
jjiCs. Mitsubishi’s explanation for the part’s success is its use in Japanese 
consumer products. Standard or custom 50740s are found in products 
from Hitachi, JVC, Sanyo, and Minolta. 


8-BIT (AND 16-BIT) NMOS AND CMOS 


Rockwell International 

Digital Communications Div 

4311 Jamboree Rd 

Newport Beach, CA 92658 

Phone (800) 854-8099; in CA (800) 422-4230 

For more information. Circle No. 358 

Mitsubishi Electronics America Inc 

1050 E Arques Ave 

Sunnyvale, CA 94086 

Phone (408) 730-5900 

For more information, Circle No. 359 

Western Design Center Inc 

2166 E Brown Rd 

Mesa, AZ 85203 

Phone (602) 962-4545 

For more information, Circle No. 360 


HARDWARE- CHARACTERISTICS -software 



Hardware notes: 

1. Diagram favors initial Rockwell 6500/1 version. Most other versions 
are more complex. 

2. Mitsubishi 740 Series parts are all CMOS and have as many as 16k 
bytes of ROM and 512 bytes of RAM. Some models have special func¬ 
tions such as UARTs, 8-bit A/D converters, LCD drivers, or high-voltage 
(-35V) outputs. Some have 56 pins of I/O. 

3. Mitsubishi’s new CMOS M37700 version has an 8-bit external/16-bit 
internal data bus, much like the 68C816 version of the 6502 p-P. On chip, 
it can have as many as 32k bytes of ROM, 2k bytes of RAM, eight 16-bit 
timers, 2 UARTs, 1 watchdog timer, and an 8-channel 8-bit ADC. Memory 
is expandable to 16M bytes off chip. 

4. WDC’s first part, 65C124, has been joined by 65C134—a 6502 core 
p,P—which includes a low-power LAN connection and UART. 


I— DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logic. Decimal mode via control bit in status register. Can 
operate on locations in memory space, which can be either RAM or I/O 
ports. 

Bit-manipulation enhancement on some models allows bit set and reset 
and branching on bit set or reset. 

II— DATA-MOVEMENT INSTRUCTIONS 

True indexed addressing, though index offset is limited to 8 bits in 2 CPU 
registers—X and Y. Short-form addressing to zero page. Has two sophis¬ 
ticated indirect-indexed and indexed-indirect instructions for handling ta¬ 
bles. 

III— PROGRAM-MANIPULATION INSTRUCTIONS 

Conditional branches with signed relative addresses. 

Nonmaskable and/or maskable interrupt, depending on model. 

IV— PROGRAM-STATUS-MANIP INSTRUCTIONS 

Push and pull status register from memory stack. Set and clear carry, 
decimal mode, and interrupt bits. 

Specification summary: Single-chip nonexpendable and expandable ver¬ 
sions of 650X family. Have 2k- to 16k-byte ROM, 64- to 512-byte RAM, 
as many as 52 I/O lines, and one or more 16-bit programmable interval 
timers, as well as two or more programmable interrupts (plus the 650X’s 
NMI interrupt). Family options (Rockwell) include RS-232C port and bus 
expansion. Operates from 5V, 500 mW and has separate 5V supply to 
keep 64 static bytes of RAM alive (50 mW required). Wide variety of 
package types and sizes from various suppliers. Full MIL-spec tempera¬ 
ture-range devices from WDC. 

Software notes: 

1.6500/1 instruction set is identical to that of previous 650X family devices 
such as 6502, with the exception of bit-manipulation instructions for some 
devices. No new instructions added to handle new on-chip features such 
as timers and I/O because the \lP handles them as if in external memory 
space. 

2. Mitsubishi chips have some added instructions. 

3. WDC’s 65C134 adds some instructions and an operating voltage range 
of 1.8 to 5.25V. 


HARDWARE - SUPPORT -SOFTWARE 


From Rockwell: R6500/1 personality card ($995), which plugs into LCE 
System ($1250) uses emulator part, the 64-pin 6500/IE ($75). Backpack 
part will be ROMIess 40-pin R6500/1EAB ($42), into which you can plug 
industry-standard EPROMs. 

From Mitsubishi: Debugging machine PC4000E ($1000) with in-circuit- 
emulator (ICE) cards for each device model ($750 to $1500). 

From WDC: Toolbox Design System ICE for W65C124 runs on an Apple 
lIGS host and can communicate with an IBM PC via a serial port ($4995). 


From Rockwell: Because the 6500/1 emulator runs on LCE system and 
Aim-65 (Dynatem, Irvine, CA), you can use existing 6502 program- 
development software. A debugging monitor is available for all 6500/1 
and 6500/11 devices, and the macroassembler supports enhancement 
Instructions. Cross software available. 

From Mitsubishi: Cross software for MS-DOS. (Has plans for a C compiler 
and Forth interpreter.) 

From WDC: Many software packages available from third parties for the 
W65C02/W65C816 |xPs. 
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Thanks to us 
the.government knows 
this is not an enemy sub. 



Mejc in the l()iu‘ly cle|)ihs 
of f Americ a’s coast, sophisti- 
c aiecl lisfening devic es assure 
our clelense (orcc s a passing 
l)iitte‘rny fish is not an encany 
intiiider. 

On l)c)ar(I each device are 
I r i (iannon inic rominiature 
conncelors. 

in fac r, you’ll find Cannon 
mic rominiat lire connectors 
pca lni ining in some of the 
nation’s most critical projec ts, 
iindei- some of the worlds mosi 
demanding condii ions. 

Were in pacemakers, 

7'17s and Minuteman missiles, 
lor instance. And weVe 
|)ari ol today’s advanccal 
sn|)ca(:omputers. 

It takes the* design c‘\pc*r- 
tisc* and innovative solntions 
that rn Cannon ollcas 
to meet these typc*s 
of challenges. And 
yoins. 

From under the sea to over 
the rainbow, no one provides 
a wide*! breach 1) ol connc?c tor 
produc ts at competitive |)ricc*s 
Ol more* c‘nginec*ring know-how. 
.Maybe* that’s why we’ve* l)c*c*n 
the* lc*ading (bice in micromini- 
alurc* tec hnology for ovc:r 27) 
years rmming. 



''W So why fish around for a 

connc‘c tc>r com[)any when you 
can c'lijoy die deptli and stre-ngth 
o( ilie leader. I f F (Cannon. 

For applic;ation assistanc e 
c)r to rc'Cjuest our new brc>chnrc% 
c all us at (7M) ,5.57-^700 tcxlay. 

()r write IT I (yannon, 

(W) F. !)y(*r Rd., P.O. F>c)x 02d, 
Santa Ana, CA 1)2702-0021) 

FAX: (7\A) 7.ad-2H2. 


ITT Cannon 

4.V rn r.Mf mmuM'mr. amr/wv 

DiMmHr oiir.sfmii^h.s. 


CIRCLE NO. 83 



THE 

NO COMPROMISE 22V10 


Programmable logic always has been a give-and-take affair. If you wanted speed, the price 
was power—lots of it. And, if you tried to cut power, you lost the speed. It seems you 
could have either one or the other—but not both. NOW YOU CAN HAVE THE BEST OF 
BOTH WORLDS. 



Announcing the AT22V10-I5 —the no com¬ 
promise 22V10. 

Talk about fast. A blazing 15 nano¬ 
seconds. That’s fast enough for those 
advanced 32-bit systems you’re designing 
today for tomorrow’s machines. 

And it’s cool. When you plug in the 
AT22V10 you won’t even think it’s on. 

It typically draws a stingy 55 milliamps 


and never asks for more than 90 milliamps. 

So, if you’re tired of having to com¬ 
promise. Don’t. Call Atmel, the home of 
the no compromise 22V10. If you’re not 
sure yet that we make the best CMOS 
22V10 in the whole world drop us a note 
on your company’s letterhead, and we’ll 
send you one. Or in the U.S. call us at 
1-800-292-8635. 


ATMEL CORPORATION 
2125 O’Nel Drive 
San Jose, CA95131 
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The people who make the difference. 

CIRCLE NO. 14 


Tel. (408)441-0311 
FAX (408) 436-4200 
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Z8, SUPERS 


AVAILABILITY: Now for ROMIess and 1k-. 2k-, 4k-, and 8k-byte parts; 
2k- arid 8k-byte EEPROM; and one-time programmables at 8, 12, is! 
and 20 MHz. Sharp and Zilog have CMOS now. SGS Thomson has 
4k-byte EPROM and 8k-byte ROM. 

COST: Less than $3.50 for NMOS Z8 in volume. $3.60 for NMOS Super8 
in volume. (28-pin version for $1.) Less than $5 for CMOS Z8. 

SECOND SOURCE: SGS Thomson (licensed); Sharp for both NMOS and 
CMOS; VLSI Technology for CMOS. 

CORE: From Zilog and VLSI Technology. SGS Thomson .aims to convert 
NMOS Z8 designs to its CMOS ST9 core. 

Description: Z8 is a single-chip \iC that is a composite of many machines. 
You can’t necessarily use its powerful features simultaneously, a common 
problem with single-chip units. Not really compatible with supplier’s Z80 
or Z8000 because architecture is so different; closest to Z8000. However, 
slave Z8 versions interface to Z80 and Z8000 buses. Super8 version has 
more of everything: more data and program memory, more on-chip pe¬ 
ripherals, more instructions. 


8-BIT NMOS AND CMOS 


Zilog Inc 

210 Hacienda Ave 

Campbell, CA 95008 

Phone (408) 370-8000 

For more information, Circle No. 361 

Status: According to Zilog, Z8 volume is growing at a compound annual 
growth rate of 33% and Z8 has had several hundred design wins (many 
in Far East); some of these design wins are now going into production. 
Meanwhile, second-source SGS Thomson has turned its CMOS efforts 
to its ST9, a proprietary enhancement of the Z8, which SGS Thomson 
uses for an ASIC building block. 


HARDWARE 


CHARACTERISTICS 


SOFTWARE 
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4) TIMER IN/OUT 
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6) PROG/DATA SELECT 


ADDRESS BUS 


Hardware notes: 

1. Diagram applies to basic 2k-byte version. Many other versions exist. 

2. The 124 working registers (272 on Super8) are truly general purpose. 
Any one can be used as an accumulator or Indexer. 

3. The register pointer singles out a “workspace” of 16 working registers 
for fast access. Eight such workspaces are possible in the 124-register 
space (16 in Super8) and provide a mechanism for fast context switching 
upon interrupt. 

4. SGS has not announced any CMOS Z8s. Instead it has introduced 
an S9 ASIC core in 1.5-|xm CMOS. According to SGS, this core reaches 
12 MHz (24-MHz external clock). 

- HARDWARE - 


I— DATA-MANIPULATION INSTRUCTIONS 

Add, add with carry, decimal adjust, increment byte and word, decrement 
byte and word, subtract, and subtract with borrow. 

Multiply and divide added to Super8 version. 

Logicals: AND, compare, complement, OR, and exclusive OR. 

Rotates and swaps. 

Bit manipulation: test under mask, test complement under mask, and 
logical tests of bits. 

II— DATA-MOVEMENT INSTRUCTIONS 

Address modes: immediate, register, register pair, indirect register, indi¬ 
rect register pair, direct, indexed, and relative. 

Block transfer: load constant autoincrement, load external autoincre¬ 
ment. 

Load: clear, load, load constant, load external, and pop and push. 

III— PROGRAM-MANIPULATION INSTRUCTIONS 

Call, decrement-and-jump on nonzero, interrupt return, jump conditional, 
jump relative conditional, and return. 

IV— PROGRAM-STATUS-MANIP INSTRUCTIONS 
Set, reset, and complement of carry flag. 

Note: Ability to set, reset, and test any bit or combinations of as many 
as 8 bits lets any byte function as a user flag register. 

Specification summary: Unique architecture with 3 memory spaces: pro¬ 
gram memory (0, 2k, 4k, or 8k bytes in internal masked ROM; rest to 
64k bytes can be external), data memory (to 64k bytes external), and 
CPU register file (256-byte space that includes 124 general-purpose work¬ 
ing register/accumulators). Executes 129 instructions at 0.6 to 3.0 [isec 
at 8-MHz internal clock (16-MHz oscillator). Has built-in duplex UART 
(96k bps) and two 8-bit timers, each with 6-bit prescaler. Enhanced Su- 
per8 has 352 bytes of on-chip data and control registers, 256 of which 
are general purpose. New multiply and divide instructions on Super8. Its 
on-chip peripheral functions include DMA, two 16-bit timer/counters, 
maximum of 40 I/O lines, full-duplex UART, and optional synchronous/ 
asynchronous serial channel. Has 600-nsec interrupt response with 37 
interrupt sources. 

Software note: 

The data- and program-manipulation instructions use the working regis¬ 
ters in the CPU. The instructions that apply to the external data RAM are 
essentially just loads and stores. (There is a similarity to RISC philosophy.) 


SUPPORT 


SOFTWARE 


Development packages are available from JK Engineering (Singapore, 
65-744-8414). In the US, lAM (Sacramento, CA) distributes JK Engineer¬ 
ing’s products. Development packages in various configurations are also 
available from Zilog Inc (Campbell, CA) and Inner Access (Belmont, CA). 
Emulation packages are available from Orion Instruments (Redwood City, 
CA), Microtek (Beaverton, OR), Creative Technology (Atlanta, GA), and 
Sophia Systems (Santa Clara, CA). This list isn’t exhaustive. 


Software development tools are available from Allen Ashley (Pasadena, 
CA), Avocet (Rockport, ME), Relational Memory Systems (San Jose, CA), 
and Western Wares (Norwood, CO). You can purchase compiler software 
from Micro Computer Compilers (Hopewell, NJ), 2500 AD (Buena Vista, 
CA), and Inner Access (Belmont, CA). This list isn’t exhaustive. 
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7000 FAMILY 


8-BIT CMOS 


AVAILABILITY: Now. 

COST: Tl pricing: $1.60 to $3.50 (100k) for standard CMOS masked-ROM 
versions. 

SECOND SOURCE: Microchip Technology and Seeq for NMOS versions 
only. Note that each supplier is extending the family in different directions, 
so direct second sourcing is limited. 

Description: Software-compatible family of NMOS and CMOS 8-bit, ex¬ 
pandable single-chip jjlCs. A full-duplex UART, enhanced timers, and 
interrupts are incorporated in high-end family members. Instructions typi¬ 
cally perform combined load, operation, and store functions, thereby 
increasing overall system performance and code efficiency. 


Texas Instruments Inc 

Microprocessor and Microcontroller Products Div 

Box 809066 

Dallas, TX 75380 

Phone (800) 232-3200 

For more information, Circle No. 362 


Status: Primary supplier Tl has switched its emphasis to CMOS models 
with expanded features. Low-end devices (70CT20/40) offer an alterna¬ 
tive for designers who are using 4-bit p,Ps but seek a low-cost 8-bit 
alternative. 


HARDWARE- CHARACTERISTICS -software 
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REG FILE 
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I— DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, 8 x 8-bit multiply, and BCD. 

Logicals, increment, and decrement. 

Rotates right and left. Bit test. 

II— DATA-MOVEMENT INSTRUCTIONS 

Dual-operand moves avoid time wasted going through accumulator. 
Apply to many instructions. 

Indexing via B register. 

16-bit moves. 

III— PROGRAM-MANIPULATION INSTR 

Call and return. 

Bit test and jump on both I/O and memory. 

Conditional jumps using PC-relative addressing. 

IV— PROGRAM-STATUS-MANIP INSTR 

Status register contains carry, sign, zero, and interrupt enable. Instruc¬ 
tions to change carry and interrupt enable. 


Specification summary: Unified-memory architecture in which applica¬ 
tion-program ROM (in EPROM), working registers, I/O registers, and 
some control registers all share common memory space of 64k bytes 
(except Tl 70CTXX models). Low-end family members have 8-bit timer 
with capture latch and 5-bit prescaler; interrupt; 128 and 256 bytes of 
RAM; and 2k or 4k bytes of ROM. High-end 70C42 includes two 16-bit 
timers (one with capture latch), which are cascadable to 26 bits; a UART 
with an 8-bit timer for baud-rate generation (or usable as a third timer); 
programmable interrupts; 256 bytes of RAM; and 4k bytes of ROM. 
High-performance model operates to 6 MHz with basic microinstruction 
cycle taking 333 nsec. Most instructions take 5 to 9 cycles. Minimum 
instruction time is 1.25 jisec, which includes load, logic or arithmetic 
operations, and store. I/O to 32 pins with some models, including special 
functions such as UARTs and ADCs. NMOS and NMOS-EPROM devices 
require 5V supplies; CMOS operates over 2.5 to 6V Vcc and includes 
power-down modes. Available In 28- and 40-pin DIPs and 28- and 44-pin 
PLCCs. 


TMS 7000 family matrix 



ROM 1 
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Clock 


Interrupt 


Serial 

Power required 

Model 

(bytes) 

(MHz) 

I/O 

levels 

Timers 

port 

V 

mW 

70C00 

0 

128 

6 

32 

4 

13 bit 

— 

2.5-6.0 

30 

70C20 

2k 

128 

6 

32 

4 

13 bit 

— 

2.5-6.0 

30 

70CT20 

2k 

128 

6 

20 

4 

13 bit 

— 

4.5-5.5 

30 

70C40 

4k 

128 

6 

32 

4 

13 bit 

— 

2.5-6.0 

30 

70CT40 

4k 

128 

6 

20 

4 

13 bit 

— 

4.5-5.5 

30 

70C02 

0 

256 

6 

32 

6 

21,21,10 bit 

UART 

2.5-6.0 

30 

L. ^ * 70C42 

Harnwarfk 

4k 

256 

6 

32 

6 

21,21,10 bit 

UART 

2.5-6.0 

30 


Supplier uses a “strip-chip” architecture to keep registers and control 
elements in isolated, self-contained modules in silicon, then uses a single 
layer of metal to interconnect chip. This approach is similar to the cell- 
library, semicustom approach and useful for the same reason. Changes 
can be made easily, which helps Tl bring out new models or give large 
customers special variants. 

- HARDWARE - SUPPORT -SOFTWARE 


From Tl: XDS development system ($5900). It provides in-circuit emula¬ 
tion, target-system debug (with breakpoints and logic-state trace), and 
RS-232C link to host computer or terminal. EVM evaluation board ($795) ^ 
provides in-circuit emulation, programs SE77C42 and EPROMs, and has 
serial interface to standard terminals. Piggyback devices accept 27C64 
and 27C128 EPROMs. SE70CP160 CMOS piggyback device supports 
prototyping for 70C20, 70CT20, 70CT40, and 70C40 p^Cs. SE70CP162 
CMOS piggybacking device and SE77C42 support prototyping for 70C42. 


From Tl: Cross-assembler and linker to run on MS-DOS-based PC that 
may serve as host for XDS. DEC VAX VMS assembler/linker support Is 
also available. 

From Cybernetic Micro Systems (San Gregoria, CA): Assembler, simula¬ 
tor, and debugger to run on IBM PC. 

From Allen Ashley (Pasadena, CA): Cross-assemblers and emulators to 
run on IBM PC. 

Literature: Tl 7000 family data manual with applications. 
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WHY MORE COMPANIES ARE 
PUIGGING US INTO THBR DESIGNS. 


Today the Rayovac 844 
computer clock battery is 
specified by 23 system archi¬ 
tects worldwide. Its proven 
reliability safeguards the 
configuration file memory 
in 286/386/486 personal 
computer products, 
especially in power-down 
situations. 

Maintaining voltage is just 
one way the Rayovac 844 
delivers superior reliability. 

It also offers long life, a 3-5 
year span, plus safety no 


Power Transition Reliability 


Power On 

Power Off 


\ Rayovac 844 


\ r 

Minimum 
RTC Voltage 

/V / 

Typical 

6.0 & 3.6 Volt Solutions 


-50 0 50 100 


Time (msec) 

The 844 ensures IC voltage above the 
critical 3. OV level maintaining clock 
stability and configuration file memory. 

lithium battery can match. 

The 844 is compatible 
with industry standard chip 


sets: Chips & Technology; 
VLSI Technology; Western 
Digital; Zymos and Intel. 
And it’s made in the U.S.A., 
with on-time delivery 
available around the world. 

So plug added reliability 
and service into your 
design. Specify a Rayovac 
844. Call Rayovac’s 
Technical Sales & Marketing 
Department for complete 
information and battery 
specifications at 
608-275-4694. 


tuoff^nac 


The power of innovation 


© 1990 Rayovac Corporation 
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WHO SA^S YOU cant: 

TAKE rr WITH YOU. 



IT'S POWERFUL. PORTABLE. AFFORDABLE. 
AND BEST OF ALL, IT FLIES. 

Thanks to Motorola's new CDS8/05 Compact 
Development System, you can develop products and 
applications using our industry-standard 68HC05 
Family of 8-bit microcontrollers faster than ever before. 

How? Simple. The CDS8/05 is smaller (it measures 
just 12" X11" X 2" and weighs under three pounds) than 
any other system in its power range. So you can use it 
with a portable laptop PC to debug hardware and 
software anyivhere: At home. In the office. Or in the 
field. 

All at a price that's as much as $5,000 less than you'd 
pay for any other system with this much power. 

THE SKY'S THE LIMIT. 

This first member of Motorola's compact Jewelbox 
Family of development systems provides a complete 
professional development environment. It includes a 
high-speed, non-invasive, 68332-driven emulator. Real 
time capabilities. Highly integrated emulation features. 
A powerful bus state analyzer. And remote operating 
ability via an optional DC power supply or 
rechargeable battery pack. 


When used in the actual development environment, 
the CDS8/05 can store data, run a program, or trouble¬ 
shoot in the service/test mode. 

Hook the CDS8/05 to your target system and a 
MS/IX)S®-based PC-compatible and you can capture 
real-time data during program execution, reducing 
development time. TTie CDS8/05 quickly flags errors as 
they occur, speeding the debug process even more. 

THE SYSTEM FOR DESIGNERS WHO ARE 
GOING PLACES. 

Return the coupon below and we'U send you more 
details about Motorola's new CDS8/05. The fastest way 
to get your next 68HC05 design off the ground. 



Ready for take off? We'U rush you fuU details on Motorola's CDS8/05 
Development System. Simply maU this coupon to: 

Motorola, Inc., P.O. Box 1466, Austin, Texas 78767 


1 Mamp 

1 Company 

Tttip 





I AHHrp<;t: 



! CiK- 

State 

ZiD 

■ PhfTnp 


MS/DOS is i 

1 registered trademark of Microsoft Corpor.itii 
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8085AH/80C85 


AVAILABILITY: Now. 

COST: Prices for these older multisourced parts have dropped to $1 and 
below, with prices as low as $0.65 for volume purchases. CMOS parts, 
especially faster ones, are more expensive. Radiation-hardened CMOS 
parts are very expensive ($300 to $800). 

SECOND SOURCE: 8085: NEC, Toshiba, and Mitsubishi. 80C85: Harris, 
Newbridge Microsystems, and Oki. Harris supplies nuclear-radiation- 
hardened CMOS to military and aerospace customers. 

CORE: Newbridge offers 80C85B macrocells in its ASIC library. 

Description: Based on the older 8080 jiP, this family has proven to be 
a good general-purpose, midrange m.P, though not the most efficient one 
for small programs. 8085 executes 8080 instructions, but with simpler 
hardware. Z80 (see pg 120) Is an enhanced 8080 but has different pack¬ 
age pinouts and bus operation. The new 8086 (see pg 128) is only vaguely 
software compatible, but the 8-bit-bus 8088 version of 8086 can interface 
to 8080 and 8085 peripherals. 


8-BIT NMOS AND CMOS 


Intel Corp 

3065 Bowers Ave 

Santa Clara, CA 95051 

Phone (408) 987-8080 

For more information, Circle No. 363 


Status: The venerable 8080—the p,P that gave legitimacy to the p,P revo¬ 
lution—is obsolete. Sales of the 8085 are also falling off, according to 
Dataquest figures. 


HARDWARE- CHARACTERISTICS -software 


□ 


8-BIT ADDRESS BUS 


I I 
I I 




PC (16) 

SP (16) 

(8) 

(8) 

(8) 

(8) 

(8) 

(8) 




RAM REG BANK 
I ACCUM 1 


INTERRUPTS SERIAL I/O 


I I I I 
I I I I 


I— DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logic. 

BCD arithmetic. 

Double-precision operations (instructions string 2 data bytes together 
as 16-bit word). 

II— DATA-MOVEMENT INSTRUCTIONS 

Uses 3 pairs of so-called general-purpose registers as pointers in CPU 
RAM bank to address low- and high-order bits of 16-bit memory address. 
Can perform multiple indexing with these, but takes additional steps 
compared with classical index-register concept. 8085 has two additional 
Instructions—RIM and SIM—that Interface with new serial-l/0 pins and 
interrupt system. 

III— PROGRAM-MANIPULATION INSTR 

Uses stack pointer to create LIFO stacks In external RAM for unlimited 
subroutine nesting. 

All GP registers can be incremented and decremented. 

Multiple-Interrupt capability. 

Bus controls allow addition of DMA. 

IV— PROGRAM-STATUS-MANIP INSTR 
Software access to status register. 

Specification summary: Common instruction and data architecture (64k 
bytes) with optionally separate I/O space (256 addresses). Three 16-bit 
pointer registers allow efficient addressing of 64k-byte main-memory 
space. 78 basic instructions with 2-p,sec (typ) register-to-accumulator 
addition-execute time. 8085A has on-chip clock and needs only 5V. 5- 
MHz and CMOS versions of the 8085A available. The Newbridge Mi¬ 
crosystems (Calmos) version officially supports the extended 8085 in¬ 
struction set. 


Hardware note: 

The 8085 differs from the 8080 in that the 8085 has an on-chip clock, 
needs only a 5V supply, and has relaxed memory-access time. But be¬ 
cause it multiplexes the lower 8 bits of address on data bus, it’s not pin 
compatible with 8080. New pins gained by multiplexing Implement ad¬ 
dress-latch strobe, four additional interrupts, and two serlal-l/0 lines. 

For small “few-chip” p,P systems, a designer can use 8155/56 and 8355/ 

8755 combo chips with built-in address latches. 

- HARDWARE - SUPPORT -SOFTWARE - 

Most of the vendors of third-party ^.P development systems have included Most of the many companies that supply 8080/8085 development sys- 
8080/8085 development components as a routine part of their catalogs. terns also supply the software. Also, many software houses have 8080/ 
Typically, these systems use IBM PCs as hosts. 8085 software in every conceivable category. 
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Z80 


8-BIT NMOS AND CMOS 


AVAILABILITY: Now for 6-, 8-, 10-, and 20-MHz NMOS and CMOS ver¬ 
sions. 

COST: Because the many aggressive second sources for this most 
widely used part, NMOS prices have dropped to between $0.80 and 
$1.10; CMOS prices have dropped to between $1 and $1.20 in high 
volume. The 10-MHz CMOS part costs $2.50 (100). 

SECOND SOURCE: Goldstar, NEC, SGS Thomson, Sharp, and Toshiba. 

Goldstar, SGS Thomson, Sharp, and Toshiba, as well as Zilog, have 
CMOS versions. Additional sources mentioned by Zilog are VLSI Technol¬ 
ogy and Rohm. 

CORE: Zilog and Hitachi use the Z80 jjiP as an ASIC core in their en¬ 
hanced versions of this core, the 64180 and Z280. Zilog, Hitachi, and 
Toshiba are building a range of specialized processors around the Z80 
core. 

Description: Superset of widely used 8080/85; adds hardware and soft¬ 
ware features. Not pin-for-pin compatible with 8080 or 8085 but can use 
8080 software and peripherals—although to do so would not take full 
advantage of Z80 and Its peripherals, and It might require additional logic 
for interfacing. The Z80 and Its peripherals are now available in quad 
flatpacks and all peripherals have been upgraded to run at 10 MHz. The 
20-MHz version is only available from Zilog. 

-HARDWARE- CHARACTERISTICS -software- 

I— DATA-MANIPULATION INSTRUCTIONS 

8-bit arithmetic and logic. 

16-bit arithmetic BCD add and subtract. 

Nine types of rotate and shift directly on any register or memory location. 
Can set, reset, or test bit In any register or memory location. 

II— DATA-MOVEMENT INSTRUCTIONS 
8- or 16-bit register or memory loads. 

Two Index registers allow indexed addressing. 

Extensive memory-block move/search commands. 

III— PROGRAM-MANIPULATION INSTR 
Uses 16-bit stack pointer with LIFO stack with RAM. 

Relative-jump capability. Interrupt capability with three types of selectable 
response. 

IV— PROGRAM-STATUS-MANIP INSTR 

Seven flag bits, including arithmetic and overflow, can be stored and 
tested. 


Specification summary: Upwardly compatible with 8080A software but 
adds 50 instructions, some of which are advance block-move and block- 
search macros. Instructions executed In 0.5 to 1.8 jjisec (1.5 |xsec avg) 
for 8-MHz Z80 and 1.0 to 5.5 p-sec (2 jisec avg) for 4-MHz Z80A. 6-, 8-, 
10-, and 20-MHz versions are also available. User can switch between 
two identical banks of CPU registers for fast response to interrupts. 
NMOS circuitry requires single-phase clock and one 5V supply at 60 
mA for Z80, 90 mA for Z80A. TTL-compatIble I/O and built-in automatic- 
refresh signals for dynamic RAMs. MIL-temperature parts available. 
CMOS version consumes only 15 mA at 4 MHz and less than 10 p,A in 
power-down (clock-stopped) mode. NMOS and CMOS versions available 
in DIP, quad flatpack, and PLCC. 



Ziiog Inc 

Intelligent Peripheral Controllers Product Line 

210 Hacienda Ave 

Campbell, CA 95008 

Phone (408) 370-8000 

For more information, Circle No. 364 

Status: By far the most successful 8-blt p,P. The Z80 is still being used 
in new designs but may be superseded by the new enhanced versions. 
Of these, the Zilog Z180/Hitachi 64180 seems to be the most popular, 
but the Zilog Z280 represents the greatest Z80 enhancement. The Z80’s 
momentum will probably last for the rest of this century, especially in 
ASIC-core form. 


Hardware notes: 

1. Support chips include peripheral interface, timer, serial communica¬ 
tions, and DMA. All provide daisy-chained vectored interrupt for CPU 
and are being converted to CMOS. 

2. All Z80 enhancements are in CMOS. The first is the Zilog Z180/Hitachi 
64180, to which many Z80 designers are converting. The second is the 
supplier’s Z280, which boosts the Z80 into minicomputer performance. 

In addition, the NEC 78XX single-chip device is similar. Most are covered 
elsewhere in this directory. 

- HARDWARE - SUPPORT -SOFTWARE 


Some of the many third parties that supply Z80 hardware support are 
Applied Micro, Boston Systems, Emulogic, Hewlett-Packard, Huntsville 
Microsystems, Nicolet, Orion, Sophia Systems, Tektronix, Zax, and Z- 
World. Contact nearest Zilog sales office for more information. 


A variety of software supports the Z80 including assemblers and cross- 
assemblers, software simulators, high-level-language compilers, the ven¬ 
erable CP/M operating system (Digital Research), and the MS/X operating 
system, which is popular in Japan. Other third-party suppliers include 
2500 AD, Archimedes, Avocet Systems, Enertec, Huntsville Micro, 
Softaid, Software Development Systems, Microtec Research, and Z- 
World. 


120 


EDN November 22, 1990 
















































































The MOST 80C51 Microcontroller 
Derivatives in the World 

Philips Components-Signetics 
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Z180, HD64180 


8-BIT CMOS 


AVAILABILITY: Now for 6-, 8-, and 10-MHz parts. 

COST: For 10-MHz Z180, $12 (100) and $8 (1000). For 6-MHz HD64180 
$7 (100) and $6 (1000). 

SECOND SOURCE: None. 

CORE: Zllog and Hitachi consider the basic Z180 and 64180 a standard 
cell for building high-integration |xPs and |xCs. 

Description: Jointly developed enhancement of Z80 with various periph¬ 
eral functions such as memory management (to reach larger, IM-byte 
memory space), 2 DMA channels, 2 serial ports, and timers added on 
CMOS CPU chip. Z-suffix versions are totally compatible with Z80-family 
peripherals chips. Both Z- and R-suffix devices interface to the 6800 and 
Intel 80xx series buses. 

Status: CMOS enhancements to the widely used Z80. Has on-chip mem¬ 
ory-management unit (MMU), multiple DMA channels, and UART. These 
chips don’t have sophisticated big-computer features, such as separate 
privileged “system” control registers, nor do they have a cache. Both 
the Z180 and 64180’s MMUs translate between the Z80 64k-byte address 
space and their own IM-byte space. These families have received a 
boost from all Z80 users and third-party supporters of the venerable Z80. 


Zilog Inc 

Intelligent Peripheral Controller Product Line 

210 Hacienda Ave 

Campbell, CA 95008 

Phone (408) 370-8000 

For more information, Circle No. 365 

Hitachi America Ltd 

Semiconductor and 1C Div 

2000 Sierra Point Pkwy 

Brisbane, CA 94005 

Phone (415) 589-8300 

For more information. Circle No. 366 


HARDWARE 


CHARACTERISTICS 


SOFTWARE 



I— DATA-MANIPULATION INSTRUCTIONS 

Unsigned 8 x 8-bit = 16-bit multiply. 

Nondestructive ANDs for comparing I/O ports, immediate data, and mem¬ 
ory to accumulator. 

II- DATA-MOVEMENT INSTRUCTIONS 

Immediately addressed locations. 

Block output to I/O. Must set up MMU bank registers to translate between 
64k bytes of Z80 and 512k bytes external. 

V—POWER-SAVING INSTRUCTIONS 

Sleep command disconnects processor from clock. Interrupt or reset 
will reconnect. 


Specification summary: Object-code compatible with Z80 (and 8080, 
8085). Pipelined CPU. On-chip MMU generates 19 bits (512k bytes exter¬ 
nal physical address space) In the DIP package and 20 bits (1M byte 
external) In surface-mount packages. 2-channel direct-memory-access 
controller, 2-channel asynchronous serial port, synchronous (clocked) 
serial port. Can interface to 8080 or 6800/6500 buses (Z-suffixed versions 
are matched to Z80-family peripherals). CMOS versions provide 50 mW 
at 4-MHz operation; lower power In sleep and halt modes. Packaged in 
64-pln DIP and 68-pin PLCC. 


ADDRESS 

BUS 


CONTROL 

BUS 


DATA 

BUS 


Hardware notes: 

1. Diagram is for basic core. Both Zilog and Hitachi are expanding upon 
this core. 

2. The 647180x is a single-chip version of the 64180 and adds 16k bytes 
of one-time-programmable EPROM, 512 bytes of RAM, 54 I/O pins, a 
16-bit timer, and a 6-channel analog comparator. It comes in 84-pln 
PLCCs, 80-pin flatpacks, and 90-pin shrink DIPs. Because of EPROM, 
Hitachi bills this style p,C as a zero-turnaround-time part, saying it is 
cost-effective In volumes as great as 10k. Hitachi also sells the part in 
windowed 84-pin leadless chip carriers to aid development. 


Software notes: 

1. Only new instructions beyond Z80 instructions listed. 

2. The MMU adds base registers to Z80 16-bit addresses to produce the 
19-bit addresses needed externally. 

3. Trap interrupt can be used both for catching undefined op codes and 
for letting users extend instruction set. 


HARDWARE 


SUPPORT 


SOFTWARE 


From Zilog: Zilog offers a Z180 and serial communications controller 
(SCO) applications board to test and evaluate the chips. 

From Hitachi: ASE Adaptive System Emulator ($7000) plus H6805M01S, 
a 256k-byte memory board for use with IBM PC, HP6400, or DEC VAX 
as host. Real-time operation as fast as 8 MHz and real-time tracer buffer 
for 2048 machine cycles. All hardware lines are captured, and the trace 
is automatically disassembled. 

From Others: American Automation AA 572-64180 real-time In-circuit 
emulator for use with the company’s E2-PRO development host. 
Hewlett-Packard and Tektronix offer support on their development sys¬ 
tems and logic analyzers. 

Contact suppliers for the many other third-party vendors. 


MIcrotec Research (Santa Clara, CA) supplies macroassembler, utilities, 
Pascal, and C compilers (to run on IBM PC and DEC VAX hosts). Avocet 
(Rockport, ME) and Allen Ashley (Pasadena, CA) have announced IBM 
PC-based assemblers. Hitachi provides help so that the additional 64180 
instructions can be treated as macros on a Z80 macroassembler. Boston 
Systems Office (Waltham, MA) offers a VAX-hosted assembler ($1200). 
Software compatible with CP/M (Digital Research) and MSX (Microsoft) 
operating systems (latter being result of project for Japanese market). 
American Automation has cross software to go with development hard¬ 
ware (assembler, C compiler, and debugger). 

Archimedes (San Francisco, CA) offers a C compiler ($995 for IBM PC; 
$3995 for MicroVAX; and $7995 for VAX). 
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6800/6802, 6809/6309 


AVAILABILITY: Now. 

COST: As with other mature ^-Ps, costs have dropped, in this case to a 
couple of dollars per |xP), except when a part is at end of its life, in which 
case prices might rise again. 

SECOND SOURCE: Hitachi and SGS Thomson. 

Description: The 8-bit 6800 CPU was the original part in the family named 
after it. That family has been broadened to Include not only the 2-chip 
6802/6846 and 6809 covered here but also the single-chip 6801, the 
low-end single-chip devices, and the 6804 and the 6805. Note, however, 
that new CPU members aren’t precisely compatible with the original 
6800, especially at the low and high ends. Even the 6809 is only software 
compatible with the original 6800 at source-code level. 


8-BIT NMOS AND CMOS 


Motorola Microprocessor Products Group 

6501 William Cannon Dr W 

Austin, TX 78735 

Phone (512) 440-2000 

For more information, Circle No. 367 

Status: Introduced in 1974, the 6800 has been the foundation of one of 
the longest lived and broadest \iP families. Among its progeny are the 
6809 covered here and the following Motorola p,Ps and piCs, which are 
described elsewhere in this directory; the 6804, 6805, 6801, and 68HC11. 
The 6800 Is now past its prime and is not recommended for new designs; 
we retain it in the directory for reference. But the newer 6802 and 6809 
continue to be shipped in volume. For new designs. Motorola steers 
designers either upwards to the 16- and 32-bit 68000 family (68008 has 
an 8-bit bus) or downwards to the 68HC11. 


HARDWARE 


CHARACTERISTICS 


SOFTWARE 



Part 

Description 

Clock 

speed 

(MHz) 

ROM 

x(8) 

RAM 

x(8) 

Cost 
(100 qty) 

6800 

CPU needs 
2-phase 
clock 

1-2 



$4-$5 

6802 

CPU clock 
&RAM 

1-2 (4-MHz 
ext) 

— 

128 

$4-$5 

6809 

CPU 

2 

— 

- 

$5-$6 

6309 

CPU CMOS 

3 

- 

— 

$9.50 


Hardware notes: 

1. Diagram shows 6800 and 6802. The 6809 has another 16-bit index 
and a second "user” stack pointer, which make the 6809 more powerful 
than the 6800; these additional resources give the 6809 many more 
instructions. On simple benchmarks, the 6809 is 270% faster than the 
equivalent-speed 6800, programs in 42% fewer instructions, and uses 
33% less code. 

2. Basic 6809 version has on-chip clock. Minimum system results with 
the following parts: 6809, 6810, and 6846. 6809E version has off-chip 
clock. An early valid-memory-address (VMA) signal on 6809E allows 3- 
MHz bus operation with a 2-MHz memory. External clock permits 
multiprocessing. 

3. The MMU (6829) allows the 6809 to run 32 concurrent protected tasks 
per management unit in a 2M-byte address space. 

4. Hitachi CMOS version (6309) has 2-, 2.5-, and 3-MHz bus timing; the 
Sync and CWAI instructions allow a low-power sleep mode. Modify table 
from Nov 23, 1989, pg 130. 


I— DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logic. 

Instructions to take advantage of two accumulators. 

6809 has unsigned 8 x 8-bit multiply with 16-blt product. 

II— DATA-MOVEMENT INSTRUCTIONS 

Can reach the first 256 locations of memory with short instructions. 

6809 can use four index registers for merging three source blocks into 
one destination block. 

Can autoincrement and autodecrement by 1 or 2 directly and indirectly. 
Page zero can be software relocated during program execution, effec¬ 
tively increasing its size. 

Indexing uses the “true indexing” relationship between base and offset 
(0, 5, 8, 16 bits) rather than the 6800 relationship. 

Can utilize the user stack for Polish-notation operations or interpretive 
languages. 

III— PROGRAM-MANIPULATION INSTR 

Has PDP-11-type branches and conditional branches. Unlimited subrou¬ 
tine nesting via stack pointer addressing LIFO stacks in RAM. 

Does not have vectored interrupt but can achieve function with software 
or with 6828 priority interrupt controller. 

6809 has extensive relative addressing with wide reach, which allows 
creation of position-independent code and opens door to use of off-the- 
shelf, mass-produced standard firmware In ROMs. 

IV— PROGRAM-STATUS-MANIP INSTR 

6809 has instructions for manipulating the status register (condition-code 
register). It may be transferred or exchanged with any 8-bit register or 
pushed or pulled on either stack; any number of flag bits be set or 
cleared in one instruction. 

V— POWER-SAVING INSTRUCTIONS 

6309 has SYNC and CWAI to put CMOS CPU in sleep mode. Sync 
instruction stops p,P until it gets go-ahead signal from interrupt line. 

Specification summary for 6800: Common-memory architecture with 16- 
bit (64k-byte) memory space for instructions, data, and I/O; all data 8 
bits wide. Instruction set patterned after the PDP-11 mini as closely as 
possible in shorter word machine with limited CPU registers. Execution 
times from 2 to 5 ^jisec. NMOS circuitry requires one 5V supply, 500 
mW; housed in 40-pin DIP. Versions with -55 to -i-125®C range also 
available. 

Specification summary for 6809: An 8-bit machine with extensive 16-bit 
addressing capability. Has two 16-bit index registers and a 16-bit user 
stack pointer that can also be software-specified as a third index register. 
Upwardly compatible with 6800, but only at source-code level. Bus oper¬ 
ates at 2 MHz, so basic speed is similar to that of 6800, but greater 
efficiency of 16-bit addressing increases throughput. Instruction set has 
59 mnemonics and 7 addressing selections for a total of 1464 instruction- 
addressing options. Instructions vary in length from 1 to 5 bytes, with 
register-inherent operations executing In 1 p.sec at 2-MHz bus speed 
(320-nsec memory access). Longest instruction takes 20 cycles. The 
6800 direct or page-zero register is retained but can be software relocated 
anywhere in memory via programmable register. The chip requires one 
5V supply. Two versions, each in 40-pin DIP. 


HARDWARE 


SUPPORT 


SOFTWARE 


From Motorola: Emulators range from low-cost (hundreds of dollars) 
boards to HDS-300 system (about $5000) plus personality modules 
($5000). 

Support systems and OEM boards available from Motorola Semiconduc¬ 
tor Div, 5005 E McDowell Rd, Phoenix, AZ 85008. Phone (602) 244-6900 
or (602) 438-3500. 

From others: Tektronix and Hewlett-Packard development systems sup¬ 
port the 6800. Micro Industries (Westerville, OH) says it has acquired an 
exclusive license to Motorola’s “Micromodule” 8-bit boards. 


From Motorola: You can obtain software free for downloading over phone 
lines by calling (512) 440-3733. The basic assemblers and other tools are 
for IBM PC. 

Two versions of Basic are available for the 6809: Basic-M and Basic09. 
The latter is designed to be fast and to permit structured programming. 
A Pascal compiler diskette is available. 
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To put VGA graphics on your mother¬ 
board, you need a cost-efficient, highly 
intonated, powerftil solution that uses 
minimal board space. You need the new 
CL-GD5320 Enhanced VGA-Compatible 
Graphics Chip from Cirrus Logic. 

Use it to incorporate full 16-bit or 8-bit 
VGA into low-cost personal computers. 

You only need two industry standard 
256K X 4 DRAMs and as few as five other 
ICs. Whatever memory speed you select — 
80ns, 100ns, or 120ns—you’ll get a 
complete VGA display system with greater 
performance than systems using a more 
expensive solution wdth 64K x 4 DRAMs. 

You don’t sacrifice features. You get 
16-bit and 8-bit support for the VGA 
graphics standard, and lull, register-level 
backwards compatibility. For maximum 
performance, it has an 8/16-bit CPU inter¬ 
face, independent video and DRAM clocks. 


internal FIFOs, ! 

and page mode - - 

DRAM access. ; , 

And it will 

interface to 1 ; 

both analog - 

{PS/2 and multi¬ 
sync) and TTL monitors. 

You can also pick a ready-to-use solution 
that’s right for you. Anytlmg from a chip 
with full BIOS, drivers, utilities, user’s manual 
and documentation — to a complete manu¬ 
facturing kit including everything you need 
to cpjickly move into high-volume production. 

Make your PC more competitive and 
save time, space, and money. Call Cirrus 
Logic today. 

r~Get on board. Call today for more information”! 

I on our motherboard VGA solutions. I 

[_CM^800-%^^0^Ask for dept. LM22. ^ 


This full 16-bit 


CL-GD5320 lets you 
implement 16-bit or 
8-bit VGA capabilities 
on your motherboard 
with as few as 5 
other chips and two 
256Kx4DRAMs. 

Get a complete 
solution that saves 
time, space, power, 
and expense. You still 
get all the speed, 
features and flexibility 
you're looking for. 


L O 


XlIRRUS LOGIC 


N 


T H 


©1990 Cirrus Logic, te., 3100 West Warren Avenue, Fremont CA 94538 (415) 623-8300; Japan: 462-76-0601: Singapore: 65-3532122: Taiwan: 2-718-4533/4534' Wesi Germany 81-52-2030/6203 
Cirrus Logic, and the Cirrus Logic logo are trademarks oL Cirrus Logic, Inc. All other trademarks are registered to their respective companies. ““'6203 














































Power In design 
Speed Inprodnctlon 


Stag's ZL30A offers total PLD programming support 

Stag Microsystem's model ZL30A is the first dedicated Logic Programmer 
of its kind that not only supports programming of PLDs, EPLDs, and 
GALs*, in a variety of 20, 24, 28 and 40 pin DIP. but also supports 
programming of the latest surface mounted PLCCA-CC devices. 

Stag's ZL30A contains features that have made it the industry standard 
in both engineering and production environments. Salient among these are: 

• Powerful easy-to-use editing capability •Super fast programming speed 

• Stand alone or remote control operation •Comprehensive device library 

• Handler interface capability to support DIP or PLCC/LCC devices •I/O 
formats include JEDEC, Signetics and X-Plot •Compatible with CUPL* 
software compiler • RS232C, IEEE-488 and handler control interface ports 
standard •Expansion modules accommodate 40 pin DIP and a range of 
surface mounted devices •Stringent in-program checks including 
continuity and connect tests are automatically performed to guarantee error 
free stand alone or handler operation •Supports Test Vectors 

• Turn-Key handier interface kits •Worldwide sales and service support.^ 

Headquarters/ 

Western Regional Office 
Stag Microsystems, Inc. 

1600 Wyatt Drive 
Santa Clara, CA 95054 

Tel: (800) 227-8836 
Tel: (408) 988-1118 


Eastern Regional Office 
Stag Microsystems, Inc. 

3 Northern Blvd., Ste. B1 
Amherst, NH 03031 
Tel: (800) 222-STAG 
Tel: (603) 673-4380, 


SopNslicatad systens fcr l^e decerning en^neer 
•GAL IS a tiademark of the Lattice Corp. 
‘CUPL lb a tradenrtark of Assisted Technology. 
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650X/65C0X 


8-BIT NMOS AND CMOS 


AVAILABILITY: Now. 

COST: WDC’s CMOS prices range from $4 in lower speed, high volume 
to $31.32 for high speed, lower volume. 

SECOND SOURCE: WDC created and licensed most of the CMOS de¬ 
signs. It has licensed Rockwell, California Micro Devices, NCR, ITT- 
Intermetall in West Germany, and about 20 other companies. 

CORE: WDC has developed the semicustom 6502 core as NCR and 
others now use it. Many suppliers now specify it as part of their cell 
libraries. 

Description: Original design team’s goal was to achieve as much PDP-11- 
style addressing capability as would fit in an economical chip. Because 
of the [iP's short 8-bit index registers, it is optimally suited only to applica¬ 
tions requiring access of smaller blocks of memory, although it bench¬ 
marks ahead of most other 8-bit \lPs with respect to its speed of execu¬ 
tion of high-level languages, such as Basic and Pascal. New CMOS parts 
consume little power and have small economical die that gets still smaller 
with today’s finer geometries. See 6500/1 for single-chip versions and 
65SC816/802 for 16-bit-internal version. 


Originator of 6502 Commodore (Westchester, PA) no longer sells chips 
to the merchant market. WDC developed CMOS version. 

Western Design Center Inc 

2166 E Brown Rd 

Mesa, AZ 85203 

Phone (602) 962-4545 

For more information. Circle No. 368 


Status: The falling share of market for this jjiP appears to indicate that 
it has reached the end of its life cycle. However, the architecture lives 
on in the form of single-chip versions (see 6500/1 and especially the 
50740 in this directory) and ASIC versions. Some of these have very large 
unit volumes, so the 6502 architecture may remain, by volume, the leading 
8-bit architecture in the world. 


HARDWARE- CHARACTERISTICS -software 



Notes on CMOS versions: 

1. CMOS 65CXX family members are slight enhancements of NMOS 
counterparts and can serve as plug-in replacements. 

2. Among hardware enhancements are a new 4-phase clock that gives 
decreased memory access time and a memory-lock output and bus- 
enable input that simplify multiprocessor designs. 

3. Among the software enhancements are the treating of all unused op 
codes as NOPs and removing the page-boundary restrictions on JMP 
indirect. 

4. Decimal mode Is automatically set off upon reset or interrupt, and the 
N, V, and Z flags are made active during decimal mode. 

5. A BRK followed by interrupt is executed. 

6. See instruction set for comments on new instructions. 

- HARDWARE 

From Rockwell: LCE emulator ($1250), which interfaces to IBM PC host. 
Western Design Center recommends using Hewlett-Packard (Colorado 
Springs, CO) logic analyzers. 

From California Micro Devices: GEM-1 ICE package ($3750) capable of 
interfacing with a variety of host computers including ISIS development 
system and Apple. Functions as a stand-alone assembler and disassem¬ 
bler using a nonintelligent terminal. Evaluation board for 65SC150 ($499) 
that functions as in-circuit system when coupled with GEM-1. 

From NCR: Hardware emulator interfaces to Apple Me through RS-232C 
port. Allows complete in-circuit software debugging. 

From Dynatem (Irvine, CA): AIM-65 single-board computer and RM indus¬ 
trial modules. 


I— DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logic. Decimal mode via control bit in status register. Can 
operate on locations in memory space, which can be either RAM or I/O 
ports. CMOS parts have bit manipulation. 

II— DATA-MOVEMENT INSTRUCTIONS 

True indexed addressing, although index offset is limited to 8 bits in 2 
CPU registers—X and Y. Short-form addressing to zero page. Has two 
sophisticated indirect-indexed and indexed-indirect instructions for han¬ 
dling tables. CMOS parts have indexed-absolute indirect and zero-page 
indirect. 

III— PROGRAM-MANIPULATION INSTR 

Conditional branches with signed relative addresses. Nonmaskable and/ 
or maskable interrupt, depending on model. CMOS parts have branches 
on bit test. 

Stack pointer for implementing 256-byte LIFO in external RAM. 

IV— PROGRAM-STATUS-MANIP INSTR 

Push and pull status register from memory stack. Set and clear carry, 
decimal mode, and interrupt bits. 6502 and 6512 have external input to 
one status bit, useful for handshaking with peripherals. 

V— POWER-SAVING INSTRUCTIONS 

Wait and Stop on 65C02, respectively, stop processor and disconnect 
clock to lower power consumption. New operating voltage range of 1.2 
to 5.25V with an \dd of 0.1 ^lA/kHz at 2.8V. 

Specification summary: Common-memory architecture with instructions, 
data, and I/O in same 64k-byte space; 57 instructions (68 for CMOS). 
Many instructions provide choice of 13 PDP-11-type addressing modes 
(15 for CMOS). Advanced indexed-indirect addressing mode. NMOS and 
CMOS silicon-gate, depletion-mode circuitry requires one 5V, 250-mV 
supply. Some CMOS parts can run at 8-MHz clock frequency (125 nsec/ 
cycle). CMOS parts require 4 mA/MHz for operation and 10 jjlW for 
standby. Although it supplies the jjlPs in DIPs and PLCCs, WDC recom¬ 
mends using the 44-pin PLCC for higher performance and reliability. 


SOFTWARE - 

From California Micro Devices: 65SC00 macroassembler for Apple Com¬ 
puter ($100), assembler for Intel ISIS ($1800), and Fortran assembler 
($1800). 

From NCR: Monitor for use in conjunction with emulator. Supports break¬ 
point, change memory and registers, software trace, and real-time execu¬ 
tion. 

From others: Because the 6500 has been so widely used, there are 
innumerable sources of software at different language levels: for exam¬ 
ple, Byte Works (Albuquerque, NM), S-C Software (Dallas, TX), Roger- 
Wagner Publishing (El Cajon, CA), and 2500 AD (Aurora, CO). 


SUPPORT 
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8086/8088 


AVAILABILITY: Now. 

COST: Under $10 (1000) for NMOS 8086/88, under $15 (1000) for CMOS 
8086/88. Siemens’ NMOS parts are under $4.50 (1000). 

SECOND SOURCE: For 8086/8088: AMD, Harris, Matra-Harris, Fujitsu, 
Siemens, and OKI. 

Description: The 8086, 8088, and their low-power CMOS implementations 
(80C86/80C88) share a 16-bit internal architecture that has a software 
base of more than 10,000 DOS applications. The 8088 (used in the original 
IBM PC and its clones) has an 8-bit external data bus to allow the manu¬ 
facture of lower cost systems with full 16-bit software capability. 


8/16-BIT NMOS AND CMOS 


Intel Corp 

Embedded Controller Operation 

5000 W Chandler Blvd 

Chandler, AZ 85226 

Phone (602) 961-8051 

For more information, Circle No. 369 

Status: Next to the 8080/Z80 family, the 8086 family has been the most 
successful |xP family. Its most visible application has been in the IBM 
PC and its many clones. 


HARDWARE- CHARACTERISTICS -software 



I— DATA-MANIPULATION INSTRUCTIONS 

8-bit signed and unsigned arithmetic in binary or decimal, including multi¬ 
ply and divide. 

Logicals. 

Bit, byte, word, and block operations. 

II— DATA-MOVEMENT INSTRUCTIONS 

Addressing modes include literal, relative (to register and to segment), 
register, base-plus index, and base-relative indexed. 

Use of segment registers: Programmer can, through software, set up 
four areas in memory with four segment registers—a program area, a 
stack area, and two data areas. These areas need not be full 64k bytes, 
and they can overlap. Programmer can alter the four area locations by 
modifying the segment-register contents. 

III— PROGRAM-MANIPULATION INSTR 

Has call, jump, and return instructions both inside program segments 
and to different segments. Intrasegment call and jump use self-relative 
displacement for position-independent code. Conditional jump upon 
Boolean functions of flags within ±128 bytes of instruction. Iteration 
control of loops, a repeat prefix for rapid iteration in hardware-repeated 
string operations. 

Note: Jumps can occupy varying amounts of execution time, because 
with BIU’s instruction prefetch, the program counter can be ahead of 
itself. 

IV— PROGRAM-STATUS-MANIP INSTR 

In addition to 8080/85 flags: overflow, interrupt enable, direction (for 
strings), and single-step trap flags. 

Specification summary for 8086/88: 16-bit CPU that can reach 1M byte 
using “segment” address-extension registers. Register-to-register op¬ 
erations execute at 0.6 jisec with 5-MHz clock (0.37 jjLsec with 8-MHz 
clock). HMOS ion-implanted, depletion-load, silicon-gate circuitry: re¬ 
quires 5V at 340 mA (substrate bias generated on chip). In 40-pin DIP, 
device is pin programmed to switch eight pins from minimum to maximum 
external system mode. Harris CMOS 8086 dissipates only 10 mA/MHz 
when running; clock can be stopped for 500 p.A standby. 


SUPPORT -SOFTWARE 


Hardware notes: 

1. Diagram is for initial family member, 8086. 

2. 8088 is downgraded version of 8086. It has only 8-bit-wide external 
data output bus (only 8 lower bits of address bus are multiplexed for 
data). Some pin functions have been changed. Prefetch queue is only 4 
bytes (to prevent overuse of bus). Instruction execution Is slower because 
all 16-blt fetches and writes take 4 extra cycles. 

- HARDWARE 


From Intel: FICE in-circuit emulator ($8495) supports 8086/8088 to 10 
MHz. Emulators are hosted on IBM PC. All ICEs provide windowed, 
menu-driven, source-level display and p.P debugging. Performance analy¬ 
sis tool (iPAT) consists of a hardware base unit, an interface to ICE, and 
host software for the IBM PC/XT and PC/AT. iPAT provides high-level 
access to target-system performance analysis and test-case code¬ 
coverage analysis for the 8086/8088. 

From others: Because of popularity, family is widely supported by third- 
party universal development systems. 


From Intel: Macroassembler, including linker, locator, mapper, and librar¬ 
ian. High-level-language compilers include PL/M, C, Fortran, and Pascal. 
DB-86 software debugger provides windowed, menu-driven, source-level 
debugging with full source-code display. Hosts include PC-DOS and VAX/ 
VMS. Prices start at $750 (for DOS versions). 

From others: Because of wide base of 8086/8088-based systems, par¬ 
ticularly the IBM PC, there exists third-party software of all sorts, enough 
to fill whole catalogs. Check with Intel and various trade journals. 
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Panel of experts. 



Brighter, sharper, clearer, and Our big picture. 


flicker-free. When it comes to dis¬ 
plays for industrial and medical 
applications, see the experts: 
Fujitsu Component of America. 

It didn’t take much research to discover what computer 
users in heavy-duty industrial, 
medical, and mainframe en¬ 
vironments want from their 
displays. A bright, reliable, 
and interference-free picture. 

To answer this need would 
take a lot more than a brilliant 
idea. It would take at least two. 

Built to scale. 

Idea number one is the very 


Product Selection Guide 


Ports Nos. 

Pixel/Format 

Grayscale 

Screen Diag. 

FPF8050HRUD-101 

640x400 

4 

9" 

FPF8050HRUK 

640x400 

4 

10" 

FPF8050HFUGA* 

640x400 

1 

10" 

FPF8060HRUM 

640x480 

1 

10'/2" 

FPF8060HRUK 

640x480 

4 

101/2" 

FPF8060HRUS-120 

640x480 

16 

10'/2" 

FPF12896HRUF* 

1024x768 

1 

15" 

FPF128102HRUF* 

1024x816 

1 

18" 

*Also available as a monitor. 





first 16-gray scale AC-memory plasma display available 
anywhere. An easy design-in, it interfaces with a stan¬ 
dard Paradise™ VGA card to provide 640 x 480 pixels of 
flicker-free, high contrast viewing in 
even the toughest EMI environments. 

And that holds true for over 50,000 
hours of continuous operation. 


Our next bright idea was a 15" diagonal extended VGA 
display panel with 1024x768 pixels of bright, crystal 
clear image. Offering the same performance as our gray 
scale, it’s also available with a standard AT-bus video 
controller, and TIGA™ compatibility. 

Which brings us to our 
next idea: that choosing 
Fujitsu for your next design 
is one brilliant move. Our 
panel of technical experts can 
provide all the advice, design 
assistance, and support you 
need—every step of the way. 
Talk to an expert. 

To find out how you can 


Fujfrsu 


offer premium gray scale and extended VGA perform¬ 
ance for a competitive price, call the experts at Fujitsu 
Component of America at 1-800-556-1234 (ask for 
ext. 238). Inside California, call 
1-800-441-2345 and ask for ext. 
238. It may be the brightest thing 
you’ll ever do. 


Every step of the way“' 

Fujitsu Component of America, Inc. 

3545 North First Street • San Jose, CA 95134-1804. 


EDN November 22, 1990 


Paradise is a trademark ofWestern Digital Imaging. TIGA is a trademark ofTexas Instruments. 

Every step of the way is a service mark of Fujitsu Microelectronics, Inc. © 1990 Fujitsu Component of America, Inc. 
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Z280 


AVAILABILITY: Now. 

COST: About $18 in large volumes. 

SECOND SOURCE: None announced, but supplier claims it has strong 
interest from major European and Far East semiconductor houses. 
CORE: Zilog is incorporating elements of Z280 in its megacell library, 
so it can rapidly put together new combinations. The company claims it 
can turn around a semicustom design using its megacells in a matter of 
days. However, it does not plan to offer ASIC tools to customers. 

Description: Enhanced Z80 (iP, upgraded to the point that it has most 
of the features of larger 16/32-bit machines. It has “privileged” system- 
control hardware and associated software for multiuser, multitasking op¬ 
erating systems. It has memory management for virtual memory and 
incorporates cache to achieve high throughput with moderate-speed ex¬ 
ternal memories. 


8/16-BIT CMOS 


Zilog Inc 

210 Hacienda Ave 

Campbell, CA 95008 

Phone (408) 370-8000 

For more information, Circle No. 370 


Status: The Z280 became available in late 1987. Basically, the Z280 lets 
designers upgrade Z80-based PCs into multiuser systems that have large 
virtual memories and, claims Zilog, high performance. Compared with 
other Z80 enhancements, such as the Zilog Z180/Hitachi 64180, the 
Z280 offers a greater performance edge. Zilog is also pushing the Z280 
as an upgrade for dedicated systems using Z80s as embedded control¬ 
lers. 


HARDWARE- CHARACTERISTICS -software 


C/TIo— 

(VTI/Oo-* 

cnri,- 

OTI/O,- 


AACCUM 


PROGRAM COUNTER 


STACK POINTER SYSTEM 


STACK POINTER USER 


20 TO 50 MHz 
PROCESSOR 
CLOCK 


MASTER STATUS REGISTER 


I BUS TIMING AND INIT ] | INTERRUPT STATUS j 


|BUS TIMING AND CONTF^ | INTERRUPT/TRAP VECTOR TBL PTR 


I CACHE CONTROL | 


I TRAP CONTROL | 


CON^(^ATION I SYSTEM STACK LIM IT 

REGISTERS_SYSTEM STATUS REGISTERS 




REFRESH AOORGEN 


:OUNTER/ 
TIMER 
16 BITS 0 


Q] 




HANNEL —1 




MEMORY 
MANAGEMENT 
UNIT 


BUS INTERFACE 


1 



d 



28070 IEEE 
FLOATING 
TOINT 


1 UJ 

(X 

o 

Q 
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8 
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[PLUS ADD 








Z800CPU 

CONTROL 

REGISTERS 


- RDY fl 
'DMASTBo 
-RDY, _ 
■DMAStB, 
-RCJYj 
-RDYj 
2800 CHIP 
BOUNDARY 


/ 


0 280 BUS 
0 UNIVERSAL B 


I— DATA-MANIPULATION INSTRUCTIONS 

16 X 16-bit=32-bit multiply and 32/16-bit = 16-bit divide. 

Extended block mode manipulates data in blocks. 

II— DATA-MOVEMENT INSTRUCTIONS 

Addressing modes for more general 16-bit use of Z80’s 16-bit registers 
(HL, DE, BC pairs). 

Instructions to communicate with coprocessors. 

III— PROGRAM-MANIPULATION INSTR 
Jump on auxiliary accumulator/flag. 

Jump on auxiliary register file in use. 

System call. 

IV— PROGRAM-STATUS-MANIP INSTR 

Master status register; see category V instructions. 

V— SYSTEM CONTROL INSTRUCTIONS 

Instructions for added system-control registers. These are privileged In¬ 
structions to permit operating system to define the system configuration 
upon start-up, to use the new system stack pointer, master status regis¬ 
ter, and to set up the cache’s operation mode. 


Specification summary: The Z80 Is upwardly enhanced toward a general- 
register 16-bit minicomputer. On-chip memory management to address 
as many as 16M bytes of external memory. CPU is 3-stage pipelined 
with on-chip 256-b^e program and data cache to automatically keep 
recently used instructions on chip for fast execution at 10-MHz internal 
bus clock. The I/O is pin programmable to match either 8-bit Z80 bus 
or 16-bit “universal” bus. Also Included on chip are four 16-bit timer/ 
counters, 4 DMA channel controllers, dynamic-memory refresh control, 
and a serial UART port. The Z280 will be fabricated in static CMOS and 
housed in 68-pin PLCC; other options planned for future as requested 
by customers. 


Hardware notes: Software note: Only those instructions that are enhancements of basic 

1. Diagram indicates how basic Z80 CPU has been enhanced by adding Z80 set are covered. Otherwise, the Z280 is object-code compatible with 
other functions to the chip. Not so apparent are other enhancements to Z80 (and 8080). 

the Z80 CPU, such as more powerful, generalized 16-bit data and ad¬ 
dressing operations. 

2. The integration not only lowers system cost, but provides a speed 
advantage: When all subsystems are on chip, the system speed automati¬ 
cally increases. 


- HARDWARE 

From Zilog: Z280 Evaluation board. 

From others: Softaid (Columbia, MD) has a low-cost real-time develop¬ 
ment system, and CDS ((704) 876-2346) offers evaluation boards for 
several popular buses. Logic analyzers are sold by Hewlett-Packard and 
Tektronix. 


SOFTWARE - 

From Zilog: You can obtain a debug monitor program and a cross- 
assembler with Zilog’s evaluation board. Zilog plans no other software 
support. 

From others: 2500 AD is shipping a cross-assembler and is reported to 
be working on a C compiler. CDS offers both a cross-assembler and a 
C compiler. 


SUPPORT 
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Well connected. 


To find the best value In connectors, choose the 
company offering the most valuable connections: 
Fujitsu Component of America. 

Form a working partnership with Fujitsu and youll get 
more than just the industry’s largest selection of high- 
density high-performance connectors. You’ll also receive 
the valuable extra services 
that come from being well 
connected. 

Like our advanced design 
expertise. Years of experience 
creating connectors for our 
own products have made us 
the industry’s foremost real 
estate expert in maximizing 
today’s smaller system boards. 

The standard bearers. 

Today, Fujitsu can connect you with a full line of connectors 
that meet SCSI, RS-232, and IPI standards. Making our 
products an easy fit with your existing systems as well as 
your next generation of designs. 

The power of choice. 

When it comes to today’s smaller 


PCs, nobody makes more connectors to fill more needs 
than Fujitsu. Just look at our newest series: 

• 210 Series. Down-sized conneaors that use 40% less space. 

• 220 Series. Card-edge connectors that fit reduced heights 
and board sizes. • 230 Series. Cable-to-board and board-to- 
board connectors that meet SCSI II, RS-232, and IPI 

standards. With optional EMI 
shielding. • 560 Series. The 
first line of PC Card connec¬ 
tors to meet both PCMCIA 
and JEIDA standards. • 790 
Series. Slim ribbon con¬ 
nectors that reduce height 
requirements by a third, while 
using standard board layouts 
and low-priced cable. 

Talk to Fujitsu yourself. Inside California, call 
1-800-441-2345 and ask for ext. 238. Outside CA, 
call 1-800-556-1234, and ask for ext. 238. And find 
out how our connectors can 
improve your connections, 
every step of the way. 


Product Selection Guide 


Series 

Contacts 

Current (ADC) 

Port Nos. 

FCN-210 

30 to 120 

2(IDC:0.5) 

FCN-215Q050-G/0 

FCN-225J050-G/0 

FCN-220 
Card edge 

30 to 120 
(S-type: 

112 to 187) 

2 

FCN-225J050-G/0 

FCN-230 

34 to 68 

2(IDC;1) 

FCN-235P048-G/0 

FCN-237J050-G/0 

FCN-560 

PC card 

38 

L:2 

E,G, F;1 

FCN-565F038-G/0 

FCN-790’ 

Low profile 

10 to 40 

1 

FCN-794-P010-G/0 

FCN-795-P010-G/0 

FCN-797-P010-G/0 


Make the connection. 


FUJITSU 


Every step of the way “' 

Fujitsu Component of America, Inc. 

3545 North First Street • San Jose, 95134-1804. 

Every step of the ray is a service mark of Fujitsu Component of America, Inc. 
© 1990 Fujitsu Component of America, Inc. 
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H8 FAMILY 


8/16-BIT CMOS 


AVAILABILITY: Now for production quantities of the H8/532. H8/520 is 
sampling. 

COST: For 10 MHz, the H8/532 costs $18 (10,000) in masked ROM 
versions and $25 for one-time programmable versions. 

SECOND SOURCE: None. 

CORE: Hitachi considers the basic H8/500 CPU as a standard cell for 
building high-integration p-Ps and jjiCs. 

Description: The H8/532 and H8/520 are the initial devices in the family. 
The 16-bit Internal architecture will include various ROM and RAM sizes, 
as well as a mix of peripherals. All will be available in masked ROM and 
zero-turn-around-time, one-time programmable versions. 


Hitachi America, Ltd 

Semiconductor and IC Division 

2000 Sierra Point Pkwy 

Brisbane, CA 94005 

Phone (415) 589-8300 

For more information. Circle No. 371 

Status: The H8/532 is the vendor’s highest performance microcontroller 
for real-time control applications. The H8/532 is involved in a legal battle 
with Motorola’s 68030. As of press time, neither party has dropped cur¬ 
rent litigation pending a final agreement. However, to avoid delivery im¬ 
pact, Hitachi and Motorola have agreed to stays of the judgment concern¬ 
ing the H8/532 and 68030. 


HARDWARE- CHARACTERISTICS -software 


RAM 
Ik BYTE 



H8/500 CENTRAL 
PROCESSING UNIT 


8-BIT DATA BUS COMMUNICATIONS 

V IMTPRFAnP 


INTERRUPT AND 
EXCEPTION 
CONTROLLER 


DATA-TRANSFER 

CONTROLLER 




1/0 LINES 

57 BIDIRECTIONAL 
8 INPUT ONLY 




8-BIT 

MULTIFUNCTION 

TIMER 


WATCHDOG 

TIMER 


WAIT-STATE 

CONTROLLER 


A/O CONVERTER 
(8 CHANNELS) 


I— DATA-MANIPULATION INSTRUCTIONS 

43 arithmetic, logic, shift, and bit manipulation instructions. Includes 16-bit 
multiply and divide. 

II— DATA-MOVEMENT INSTRUCTIONS 

7 data transfer instructions with high orthogonality. You can independ¬ 
ently specify addressing modes and data sizes in each instruction. Seven 
addressing modes: register direct, indirect, indirect with displacement, 
indirect with pre-decrement or post-increment; absolute, immediate, and 
program-counter relative. Five data types: bit, BCD, byte, word, and long 
word. 

III— PROGRAM-MANIPULATION INSTR 

11 branch instructions with 16 different conditions. Loop counter/ 
condition code register termination. 

IV— PROGRAM-STATUS-MANIP INSTR 

7 control registers including 16-bit program counter and status register; 
8-bit condition code register, as well as four 8-blt page registers used 
in maximum mode only. 

V— POWER-SAVING INSTRUCTIONS 

3 Power-saving modes: sleep instruction halts CPU; sleep with software 
standby bit in control register set halts CPU and clock—a nonmaskable 
interrupt or hardware reset resumes execution; if standby pin is held 
low, processor enters hardware standby mode—a hardware reset re¬ 
sumes execution. 


Specification summary: The H8/532 is an integrated 8-bit \x.C. Among 
the onboard peripherals are 32k bits of ROM or EPROM, Ik byte of 
RAM, 8 timers, 1 UART channel, 8 channels of 10-bit A/D conversion, 1 
data transfer controller, 9 I/O ports, and glue logic that includes a clock 
generator and wait-state controller. 


Hardware notes: 

1. The H8/532 contains 32k bits of ROM and Ik bits of RAM. The chip 
offers a UART; three 16-bit free-run timers; an 8-bit timer; an 8-bit watch¬ 
dog timer; an 8-channel, 10-bit ADC; and 3 external and 19 internal 
interrupts with 8 priority levels. 

2. The H8/520 contains 16k bits of ROM and 512 bits of RAM. This chip 
features 2 UARTs. In addition to its two 16-bit free-run timers, the /520 
offers both an 8-blt timer and a watchdog timer. This ^.C provides an 
ADC and interrupt structure like its sibling. 


Software note: 

Commonly used instructions have a short form: 1 byte shorter and execut¬ 
ing 1 cycle faster than the corresponding long form. 


HARDWARE - SUPPORT -SOFTWARE 


Hitachi supplies a common base unit and personality modules for in- 
circuit emulation of all H-serles devices (about $10,000). Evaluation 
boards (about $400) with In-line assembler and limited debug monitor are 
also available. 

Hewlett-Packard (Palo Alto, CA) and Sophia Systems (Palo Alto, CA) also 
offer development systems. 


Hitachi supplies a complete development software chain including assem¬ 
bler, linker, loader, simulator, and C compiler for VAX and IBM PC hosts. 
Third-party vendors Microtec Research (Santa Clara, CA), Avocet (Rock- 
port, ME), and Software Environments (Dallas, TX) also supply similar 
products. 
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Touch do 



When it comes to custom keyboards for the next 
generation of desktop, laptop, and notebook 
PCs, nobody outscores Fujitsu for quality, dur¬ 
ability, and touch. 

Today, the name of the game is ultra-small, ultra-light 
laptop and notebook PCs. To score big points with 
today’s PC buyers, you’ve got 
to be small, lightweight, agile 
in the corners, and have the 
right touch. 

Which may be why Fujitsu 
leads the league in providing 
both standard and custom 
keyboards for a long list of 
major OEMs. 

Take the snap. 



Product Selection Guide 

Series 

Stroke 

Tactile 

Height 

(C-Row Center) 

FKB7800 

3.8mm 

55gr 

14.48mm 

FKB8800 

3.8mm 

55gr 

14.48mm 

FKB4700 

3.8mm 

55gr 

22.0mm* 

FKB4800 

3.8mm 

55gr 

22.0mm* 

* without enclosure 





Or call your own plays. 

You can also rely on Fujitsu’s expertise to help you design 
custom keyboard solutions. We’ll work with you every 
step of the way to determine the best combination of key¬ 
board layout, size, height, color, enclosure, and interface 
for your system. 

We hit the extra points. 

Of course, what makes our 
new keyboards the best choice 
is what has made our FKB4800 
and FKB4700 keyboards the 
101 standard—our attention 
to the extra details. Like our 
superior tactile feedback and 
reliability 

Get in touch with us. 


When it comes to tight spots, look to our new FKB7800 
and FKB8800 series of keyboards. Each provides the 
comfortably crisp feel of an ergonomically optimal 3.8mm 
stroke depth and 20g snap pressure 
in a smaller, lighter, lower-height pack¬ 
age. With the same quality and reli¬ 
ability as our full-sized keyboards. 


FuflSU 


To win today’s PC game, you’ve got to field a strong 
product. With Fujitsu keyboards on your team, you’ll 
have the advantage in touch, height, weight, and reliability. 

To receive our winning stats, call 
1-800-556-1234 and ask for ext.238. 
In California, call 1-800-441-2345 
and ask for ext. 238. 


EDN November 22, 1990 


Every step of the way”' 

Fujitsu Component of America, Inc. 

3545 North First Street • San Jose, CA 95134-1804. 

Photo courtesy of Poqet Computer and MattMillen, San Francisco 49er. 
Every step of the way is a service mark of Fujitsu Microelectronics, Inc. 

© 1990 Fujitsu Component of America, Inc. 

CIRCLE NO. 72 
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78K SERIES 


AVAILABILITY: Now. 

COST: $5 - $10 (100,000). 

SECOND SOURCE: None. 

Description: The 78K Series is a family of 8/16-bit microcomputers with 
features for real-time applications. These pCs improve peripheral re¬ 
sponse and system speed while embedding intelligence in the peripherals 
and marrying the processor and peripherals through an interdevice data 
transfer facility. 


8/16-BIT CMOS 


NEC Electronics 
401 Ellis St 

Mountain View, CA 94043 

Phone (415) 960-6000 

For more information, Circle No. 372 

Status: The K series of microcomputers is currently used in applications 
such as hard-disk drive control, audio, communication, and environmental 
control. 


HARDWARE- CHARACTERISTICS -software 


SFR ADDRESS/DATA BUS 



I— DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, multiply, divide, logicals, compare. 

II— DATA-MOVEMENT INSTRUCTIONS 

Register-to-register moves. Load and store to external memory and I/O. 
Load and store multiple registers to and from external memory and I/O. 

III— PROGRAM-MANIPULATION INSTR 

Jump, call subroutine, and returns. Branches with decisions based on 
Boolean data in general-purpose registers rather than ALU condition 
codes 

IV— PROGRAM-STATUS-MANIP INSTR 

Status register has usual bits to indicate ALU condition. 

V— SYSTEM-LEVEL INSTRUCTIONS 

Accumulator-oriented set, multiple register banks, condition flags. 

Specification summary: The intelligence of the peripheral management 
unit lets the chip handle many interrupt events without processor interven¬ 
tion. Instruction cycle times can be as long as 125 nsec at 32 MHz. 


POo 

P1o 

P2o 

P3o 

P4o 

P5o 

P 6 o 

P 64 

P7o 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

PO; 

PI; 

P27 

P37 

P47 

PS; 

P 63 

P 67 

P77 


Hardware note: 

Diagram favors jjiPD7823x, which features synchronous and asynchro¬ 
nous serial I/O, counter/timers with compare and capture registers, multi¬ 
channel ADCs, DACs, and a peripheral management unit. 


HARDWARE - SUPPORT -SOFTWARE 


NEC Electronics provides an evaluation board with 32k bytes of RAM 
and ROM, an optional extended memory socket, and an RS-232C port. 
The Design kit includes a miniature-in-circuit emulator board and probe 
with 32k bytes of SRAM, a communications port, and an on-board moni¬ 
tor. The emulation kit includes ICE and probe. 


In addition to support software for the development hardware, NEC pro¬ 
vides a relocatable assembler, a structured assembler, and a C compiler. 
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For Versatile VME Solutions.. .'lUm to SEE 



You need a wide variety of 
versatile VME solutions. You need the 
capability to customize standard 
configurations. You need software 
and support. You need SEE. 

SEE’s commitment to providing 
solutions for your OEM needs can be 
found in every SEE VMEbus 
product—VMEbus interface chips, 
single-board computers, high- 
performance communications 
controllers, and VMEbus systems 
integration solutions. 

SEE VMEbus boards are designed 
to address a broad range of real-time 
data processing, control and data 
communications applications. All are 
modular, offering I/O and memory 
expandability. This includes the 
VPU-25 68020-basedIndustryPack* 


engine with over 20 different I/O 
expansion modules, including D/A, 
latching relays, and a custom inter¬ 
face design kit. 

And, we offer VMEbus products 
with a full software support program: 
board support packages for the 
popular real-time kernels, TCP/IP for 
the VLAN-E Ethernet LAN controller, 
and X.25 available on the VCOM-4 
high-speed multiprotocol serial 
communications controller. 

Plus... comprehensive docu¬ 
mentation and prompt engineering 
response for your specific OEM 
requirements. 

For over 10 years, major com¬ 
panies have turned to SEE for versa¬ 
tile solutions. You can, too. Contact 
SEE, Inc., 2400 Eisso Lane, Concord, 
CA 94520, or caU 1-800-347-COMM 
for more information. 

• IndustryPack is a trademark of Greenspring Computers, Inc. 



■j / ; •••' 

Communications & 
Real-time Solutions 


EDN November 22, 1990 


CIRCLE NO. 124 


135 






























65C816/65C802 


AVAILABILITY: Now. 

COST: Prices range from about $4 to $32. 

SECOND SOURCE: VLSI and California Micro Devices said to be main 
sources, but WDC says it has licensed others in US and abroad. 

CORE: All suppliers are considering this as a \iP megacell in their libraries. 

Description: CMOS 8/16-bit \iPs featuring software compatibility with 
8-blt 6502 (both original NMOS 6502 and enhanced CMOS 65C02). The 
-802 is pin-for-pin compatible with the 6502, so it can be plugged into 
existing sockets. The -816 has a different pinout, but expands the ad¬ 
dressing range of the 6502 from 64k to 16M bytes. Additional hardware 
enhancements on the -816 allow it to be used for multiprocessor systems 
and In systems that have data and program caches. 


8/16-BIT CMOS 


Western Design Center Inc 

2166 E Brown Rd 

Mesa, AZ 85203 

Phone (602) 962-4545 

For more information, Circle No. 373 


Status: Apple’s use of the 65C816 In the lIGS upgrade provides a firm 
basis for hardware and software availability. Software support is growing 
as third-party houses that have supported the 6502-based Apple comput¬ 
ers convert software to take advantage of the expanded memory and 
other capabilities of the 65C816. 


HARDWARE- CHARACTERISTICS -software 



Hardware notes: 

1. Compare diagram with previous 650X family (see diagram pg 127) to 
see nature of architectural enhancements. The 8-bit registers have been 
widened to 16 bits, and the 16-bit registers widened to 24 bits. 

2. The -816’s control-bus outputs facilitate multiprocessing, caching, and 
virtual memory. The control-bus inputs let you abort instructions for virtual 
memory as well as control-bus access. 


I— DATA-MANIPULATION INSTRUCTIONS 

The 6502/65C02 instructions with 16-blt versions of add, subtract, BCD, 
and logicals. No multiply, but 65C832 version will have provisions for 
floating point on chip. 

II— DATA-MOVEMENT INSTRUCTIONS 

6502/65C02 instructions, but with choice of 8- or 16-bit indexing and 
8-or 16-bit data widths. 

On the -816, addressing can span 16M bytes with aid of paging through 
new register extensions. New block-move (forward or backward) instruc¬ 
tions. Increased stack-pointer addressing modes, including stack relative, 
indirect, and indexed. 

III— PROGRAM-MANIPULATION INSTR 

Wait for interrupt and stop clock (restart via interrupt). Abort instruction 
on -816 via pin input acts as interrupt and directs program to perform 
memory repair and retry. 

IV— PROGRAM-STATUS-MANIP INSTR 

Additional bits in status register allow software selection of 8- or 16-bit 
modes for indexing and data. Also, E bit associated with status register 
(but not handled as part of it) provides software choice of emulation or 
native mode. 

Specification summary: Enhanced 6502 with 16-bit internal data option 
and 24-bit addressing option, software selectable. Data I/O off chip re¬ 
mains 8 bits, however. The -802 version is hardware compatible with 
6502 (or 65SC02) and can be plug-in replacement. It will reset Into 6502 
emulation mode, but can be software-switched into varying degrees of 
16-bit operation. The -816 is almost identical internally to the -802, but 
It has different pinouts because It brings the additional bits for 24-bit 
address space out of the multiplexed 8-blt data-bus. The -816 also has 
special control lines to facilitate virtual memory, coprocessors, and data 
and program caching. Performance Is mostly identical to 6502 of same 
clock speed, except that extended addressing and data modes take 
additional cycles. Clock to 12 MHz. Fabricated in 1.2-p.m CMOS and 
features 3-mA/MHz power consumption, 1 ^jiA in standby mode. Although 
it supplies the |xPs in DIPs and PLCCs, WDC recommends using the 
44-pin PLCC for higher performance and reliability. 

Software notes:. 

1. Upon reset, -802 and -816 are In 6502 emulation mode. To go to native 
(enhanced) mode, the E-bit must be reset to 0 via an exchange with 
previously reset carry-bit In status register. 

2. Full-sized 16-bit registers may facilitate high-level-language compiler- 
writing as compared with 6502. The 16-bit index registers and the 16-bit 
stack pointer with no page-1 confinement help facilitate compiler writing. 
Further, the more sophisticated stack-pointer addressing modes directly 
serve needs of compiler writers. 

3. Tendency of native (enhanced) mode coding to become trickier than 
6502 due to tightly packed architecture (all 256 op codes used) and 
opportunity to flip back and forth dynamically between modes and be¬ 
tween register and data widths. 


HARDWARE - SUPPORT -SOFTWARE 


WDC recommends Hewlett-Packard (Colorado Springs, CO) logic analyz¬ 
ers to debug applications. HP offers several inverse assemblers for its 
logic analyzers. Microtek (Los Angeles, CA) and Macro Chip Research 
(Carrollton, TX) offer In-CIrcult Emulators. 


From Byte Works (Albuquerque, NM): The ORCA/M cross-assembly 
and utility package. C and Pascal compilers are also available. 

From Apple (Cupertino, CA): Assembler and debugger ($100) and C 
compiler. 

From others: Supporting products are also available from S-C Software 
(Dallas, TX); Roger-Wagner Publishing (El Cajon, CA); and 2500 AD 
(Aurora, CO). 
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OurCoin)etitDr’s 

Manu&cturms 

Plant. 



PC chip sets from 
UMC cost up to 30% less 
than you’re probably pay¬ 
ing right now. 

The reason? Our major 
competitor merely designs 
chip sets. We design and manufacture them- 
in the most advanced semiconductor manufac¬ 
turing facility in the world. So when you buy 
from us, there’s no third-party markup. 

We can make consistent, reliable, high- 
volume deliveries of very high quality PC chip 


If you’d like to get the 
kind ofprice breaks that 
come when the designer 
and manufacturer are 
under one roof, call us today: 408-727-9589. 


UMC Full Line Of Chip Sets 


Model 

Speed (MHz) 

Chips per set 

Total IC’s 

PC/XT 

10 

1 

15 

286/AT 

12 

3 

8 

286/AT 

16/20 

4 

25 

386SX/AT 

16/20 

2 

12 

386/AT 

25/33 

5 

13/30 

486/AT 

40 

- 

— 


Not including CPU, DRAM, EPROM, and keyboard decoder. 


sets-and we can do it all 
on short notice. 



UNITED MICROELECTRONICS CORPORATION 

©1990 United Microelectronics Corporation. 
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80186/80188 


AVAILABILITY: Now for 8-MHz 80186/188. Now for 10-, 12.5-, and 16- 
MHz 80C186/80C188. AMD will have 20-MHz part in fourth quarter 1990. 
COST: Less than $10 (100) for 80186/188 in PLCC. Less than $18 for 
10-MHz 80C186/C188 in PLCC. 

SECOND SOURCE: AMD and Siemens. 

CORE: Intel’s ASIC group has Incorporated the 80C186 in its cell library. 


Description: The 80186, 80188, 80C186, and 80C188 are high- 
performance, highly integrated p,Ps. The 80186 family is completely up¬ 
ward compatible with 8086 object-code and contain 10 additional instruc¬ 
tions. These embedded pPs integrate many common system components 
onto a single chip. The onboard peripherals Include a clock generator, 
2 independent DMA channels, a programmable Interrupt controller, 3 
programmable 16-bit timers, programmable memory, peripheral chip- 
select logic, and a programmable wait-state generator. Further enhance¬ 
ments to 80C186/C188 products include a fully static CMOS design, 
power-save mode, a DRAM-refresh control unit, a direct numerics inter¬ 
face, and a compatible mode. 


8/16-BIT NMOS AND CMOS 

Intel Corp 

Embedded Controller Operation 

5000 W Chandler Blvd 

Chandler, AZ 85226 

Phone (602) 961-8051 

For more information, Circle No. 374 


Status: The 80C186 family of products Is used in more than 3500 different 
customer applications. 


HARDWARE- CHARACTERISTICS -software 



Hardware notes: 

1. Diagram is for 80C186. 

2. The 80C188 Is the 8-blt external-data-bus version of the 80C186. The 
80C188 has ail other 80C186 features except for the numerics interface. 

3. The 80186 and 80188 do not have the DRAM-refresh control unit, 
power-save mode, or the direct numerics interface. 

4. The 8087 math coprocessor supports the 80186/188; the 80C187 
supports the 80C186. 

- HARDWARE 


I— DATA-MANIPULATION INSTRUCTIONS 

includes addition, subtraction, multiplication, and division. Arithmetic op¬ 
erations may be performed on 4 types of numbers: unsigned binary, 
signed binary (Integers), unsigned packed decimal, and unsigned un¬ 
packed decimal. Binary numbers may be 8 or 16 bits long. Decimal 
numbers are stored in bytes: 2 digits per byte for packed decimal, and 
1 digit per byte for unpacked decimal. 

II— DATA-MOVEMENT INSTRUCTIONS 

Data-transfer instructions move single bytes, words, and double words 
between memory and registers, as well as between register AL or AX 
and I/O ports. Stack manipulation Instructions are also included, as are 
instructions for transferring flag contents and for loading segment regis¬ 
ters. Subgroups of the data transfer Instructions are general-purpose 
data, I/O, address-object, and flag-transfer Instructions. 

III— PROGRAM-MANIPULATION INSTR 

Includes unconditional transfers, conditional transfers, iteration controls, 
and Interrupts. Unconditional transfers include call, jump, and return In¬ 
structions, which may transfer control to a target instruction within the 
current code segment (intersegment transfer). The conditional transfer 
instructions are jumps that may or may not transfer control, depending 
on the state of the CPU flags at the time the instruction Is executed. You 
can use the Iteration control instructions to regulate the repetition of 
software loops. The interrupt instructions let programs, as well as external 
hardware devices, activate interrupt-service routines. 

IV— PROGRAM-STATUS-MANIP INSTR 

Flag operations include carry, direction, and interrupt enable, all of which 
let programs control various CPU functions. 

V— SYSTEM-LEVEL INSTRUCTIONS 

The processor controls instructions responsible for external synchroniza¬ 
tion, which include halt, wait, escape, and lock. 

Specification summary: 16-bit CPU with direct-addressing capability to 
IM-byte memory and 64k-byte J/0 with 6 address modes. There are 14 
16-bit registers. Register-to-register operations execute at 125 nsec for 
the 16-MHz device. The typical current for the 80186/188 at 5V is 320 
mA; for the 80C186/Cl 88 running at 16 MHz It is 105 mA. These parts 
come in 68-pln PGAs, LCCs, and PLCCs. 


SUPPORT -SOFTWARE 


From Intel: I^ICE186 In-circuit emulator ($10,618) supports 80186 to 10 
MHz. ICE186 in-circuit emulator ($15,995) supports 80186/80C186 to 16 
MHz. FICE188 ($8495) and ICE 188 ($9995) support 8-bit bus versions 
of the 80186 (80188/80C188). An evaluation board is also available 
($400). 

From others: The family is widely supported by third-party universal de¬ 
velopment systems. 


From Intel: Macroassembler, including linker, locator, mapper, and librar¬ 
ian. High-level-language compilers include PL/M, C, Fortran, and Pascal. 
IPAT performance analysis tool enables the analysis of real-time software 
execution In prototype systems. Analysis is performed symbolically, non- 
intrusively, and in real time with ^00% sampling in the p.P prototype 
environment. 

From others: Because of a wide range of 8086- and 8088-based systems. 
In particular the IBM PC, there is third-party software of all sorts, enough 
to fill catalogs. Check with Intel and various trade journals. 

Text continued on pg 142 
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in CAPS! 


Where can you 
find specs on 
ICs from every 
semiconductor 
advertiser in 
this magazine? 


Just over a year ago, we introduced CAPS™ - the PC- 
based system that revolutionized the integrated circuit search 
and selection process. Engineers loved it! 

Today, CAPS gives you vital information on more than 
500,000 parts from over 425 manufacturers worldwide. Plus, 
you get hundreds of thousands of digitally-stored images of 
complete manufacturers’ datasheets. All delivered on CD-ROM 
discs and updated every month! 

To make it easy, CAPS includes everything you need 
and mns on standard hardware like IBM® PC/AT™-style PCs, 

PC networks, and Sun-3™ workstations. 

So, if you’re looking for ICs and semiconductors, take a 
look at CAPS. We’ve got the best names in the business. 

Find out more! For a free brochure, 
call 800 - 243-6696 today! 

CAHNERS Cahners Technical Information Service 

275 Washington Street 
Newton, MA 02158-1630 
Telephone: 617-558-4960 

^ A . 1 1 Facsimile: 617-630-21^ 

Computer Aided Telex: 940573 

Product Selection 800-245-6696 

CAPS is a trademark of Reed Publishing (USA) Inc. IBM is a registered trademark and AT is a trademark of 
International Business Machines Corporation. Sun-3 is a trademark of Sun Microsystems, Inc. 



Look for ads from these IC and 
semiconductor manufacturers 
in this issue: 


Advertiser Page 

Actel Corp... 8-9 

Altera Corporation.32-33 

Analog Devices.192-193 

Atmel. 114 

Cypress Semi.6 

Dallas Semiconductor.158-159 

Electronic Designs Inc.68 

Exar Corporation . i 

Fujitsu Microelectronics. 

.C2, 30, 129, 131, 133 

Integrated Device Tech.44 

Intel.88-89 

International Rectifier .C3 

Linear Technology.139-140 

Matra Harris Semi.216 

Maxim Integrated Products ... .47, 49, 51 

Micrel Semiconductor.146 

Microllnear.194-195 

Micron Technology.182 

Motorola Semi.118, 58-59 

National Semiconductors.142-144 

NCR Corp.176-177 

NEC Electronics.185, 75, 76, 77 

OKI Semi.24-25, 186 

Precision Monolithics Inc.164, 196 

Samsung Semi.12-13 

Siemens Components. 

SIgnetics.22-23, 121-122 

Silicon Systems Inc.55 

Sony Component Products ... .27, 74-75 

Texas Instruments.34-37, 206-207 

Zllog.81 
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80286 


16-BIT NMOS 


AVAILABILITY: Now for 8-, 10-, and 12.5-MHz devices. Now for 16- and 
20-MHz versions from AMD and Harris. (Harris also offers a 25 MHz 
80C286.) Now for CMOS 12.5-MHz 80C286. 

COST: $10 (1000) for 8-MHz device; $13.50 (1000) for 12.5-MHz device. 
$30 (1000) for 12.5-MHz 80C286. Siemens charges $8, $12, and $21 
(1000) for 8-, 12.5-, and 16-MHz devices, respectively. 

SECOND SOURCE: AMD and Siemens. Harris for CMOS 80C286. 


Description: The 80286 is upward compatible with the 8086 and 80188 
and includes on-chip memory management and hardware support for 
multiuser, multitasking systems. A 4-level protection model provides task/ 
task and user/operating-system protection. The 8-MHz 80286 is 6 times 
faster than the 5-MHz 8086 due to its pipelined architecture, 8M-byte/sec 
bus and 3.5-nsec interrupt time. Used in the IBM PC/AT and its clones. 


Intel Corp 

3065 Bowers Ave 

Santa Clara, CA 95051 

Phone (408) 987-8080 

For more information, Circle No. 375 

Status: Intel has de-emphasized the 80286 in favor of its 32-bit siblings, 
the 80386SX, 80386, and 80486. However, in spite of very low growth, 
the 80286 still has the highest volume in the 8086 family. Its popularity 
has been based on the IBM PC/AT. Since Intel has shown no inclination 
to let vendors second source the 80386, the 80286 should have a long 
life. Therefore, expect more enhanced 80286s, such as the 16- and 20- 
MHz versions from AMD and the CMOS version from Harris. Unfortu¬ 
nately for the second sources, the 80286’s big sisters, the 80386SX, 
80386, and 80486, are taking over many of its applications. 


HARDWARE- CHARACTERISTICS -software 



EXTERNAL BUSES 


I— DATA-MANIPULATION INSTRUCTIONS 

8- and 16-bit signed and unsigned arithmetic in binary or decimal, includ¬ 
ing multiply and divide. 

Logical operations on bytes, words, and blocks. 

II— DATA-MOVEMENT INSTRUCTIONS 

Addressing modes include literal, relative (to register and to segment), 
register, base plus index, base relative indexed, and register indirect. 
Programmers can manipulate 16,383 segments in memory by means of 
memory-base descriptor tables and 4-segment registers. These seg¬ 
ments can be between Ik and 64k bytes in length. 

III— PROGRAM-MANIPULATION INSTR 

Has calls, jumps, and returns within the same protection level, across 
protection boundaries, and between tasks. 

Intrasegment calls and jumps use self-relative displacement for position- 
independent code. 

Intersegment calls and jumps use the memory-based descriptor tables 
to provide position independence of code. 

Conditional jumps upon Boolean functions of flags within ±128 bytes 
of instruction. 

Iteration control of loops. 

String instructions, including repeat, for rapid iteration. 

IV— PROGRAM-STATUS-MANIP INSTR 

8085 flags (carry, auxiliary carry, parity, zero, and sign) plus overflow, 
interrupt enable, direction (strings), trap (single-step), I/O privilege level, 
and nested task. Flag register is software accessible. 

Specification summary: 16-bit CPU with IG-byte virtual-address space 
per user, mapped onto 16M-byte physical-address space. Bus cycles 
execute in 250 nsec at 8-MHz clock frequency (200 nsec at 10 MHz), 
requiring 0.25 p,sec for register-to-register moves at 8-MHz clock fre¬ 
quency, with 8M-byte/sec bus bandwidth. HMOS ion-implanted, siliconr 
gate circuitry in a large chip (335x339 mils, approximately 134,000 tran¬ 
sistors). Requires 5V at 600 mA. Has 2 operating modes: Real-address 
mode emulates 8086; protected virtual-address mode native to 80286. 
Housed in a 68-pin Jedec type-A LCC, PLCC, and PGA. 


Hardware notes: 

1. Support chips for 80286: 82C284 clock, 82288 bus controller, 80287 
floating-point numeric processor ($187.15 (1000) for 10-MHz version), 
and 82258 advanced DMA coprocessor. 

2. High-integration chip sets for the IBM PC/AT are being offered by 
Chips and Technologies (San Jose. CA), Zymos (Sunnyvale, CA), VLSI 
Technology (Phoenix, AZ), Hudson & Supinger (Santa Clara, CA), Capital 
Equipment Corp (Burlington, MA), and Via Technologies Inc (Sunnyvale, 
CA), as well as by Intel. These chips consolidate devices used around 
compute engines for the 80286. 

- HARDWARE 


From Intel: PlCE-286 in-circuit emulator ($12,494) supports 80286 at 8 
and 10 MHz. It Is hosted on IBM PC/AT and PC/XT. ICE286 ($12,495) 
supports 80286 at 12.5 MHz. iPAT performance analysis tool includes a 
hardware base unit, an interface to the in-circuit emulator, and host 
software for the PC/AT and PC/XT. iPAT provides high-level access to 
target-system performance analysis and test-case code-coverage analy¬ 
sis for the 80286 in real and protected mode. 

From others: A number of third-parties support the 80286 on their univer¬ 
sal development systems. 


Software notes: 

1. Has high-level-language support instructions. 

2. Virtual-address translation, memory management, and protection per¬ 
formed by CPU for faster execution. 

3. Trusted instructions can only be executed at highest protection levels. 


SOFTWARE 


From Intel: Macroassembler (ASM 286), which includes systems builder, 
binder, mapper, and librarian. Compilers for C, Pascal, PL/M, and Fortran. 
For applications running in virtual 8086 mode, any of Intel’s 8086 software 
tools can be used. Hosts include PC-DOS and VAX/VMS. $750 for DOS 
version. Real-time operating systems (Intel’s iRMX 286) available. 

From others: Other operating systems and compilers being developed 
by third-party software houses include MP/M-286 (Digital Research), 
Xenix-286 (Microsoft), Coherent 286 (Mark Williams). Concurrent DOS 
(Digital Research), Unix System V (Digital Research), and OS/2 by Micro¬ 
soft (Redmond, WA). jQ^f continued on pg 147 
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OrCAD has introduced the greatest product 
upgrade in its history. Memory limits, design 
restrictions, even boundaries between products 
are all disappearing. 

For years, OrCAD's competitors have been play¬ 
ing a game of catch-up. With the introduction of 
Release IV, the race is over. No one will match 
our price/performance ratio on these features; 

• Schematic Parts Library has been increased to 
over 20,000 unique library parts 

• Digital Simulation process has been speeded 
up by an order of magnitude 

• Printed Circuit Board Layout package offers 
autoplacement and autorouting at no extra 
charge 


Best of all, OrCAD introduces ESP 

ESP is a graphical environment designed specifi¬ 
cally for the electronic designer. Software tools 
appropriate for different stages in the design 
process are now linked together to form a seam¬ 
less flow of information. This easy-to-use frame¬ 
work relieves the designer of time consuming 
tasks and the inconvenience of moving from one 
tool set to another. You can now spend more 
time productively designing. 

For more information. . . 

You need to know more about Release IV and all 
of the benefits OrCAD has to offer. Call the tele¬ 
phone number below and weTl send you a free 
demonstration disk. 


• Expanded memory capabilities 


OrCAD H 

More designs from more designers 


For more information, call (503) 690-9881 

or write to OrCAD Sales Department, 3175 N.W. Aloclek Drive, Hillsboro, Oregon, 97124 

CIRCLE NO. 104 




































A chip carrier sod«t 
that woift play 
“pop goes the circuitr 



Our sockets are designed to get solidly 
into contact and stay in contact. No matter 
what the outside influences. Pop-out is 
simply not a problem. 


Controlled contact 
interface angle 
in AMP HPT sockets 
ensures positive 
chip carrier retention. 
Our exclusive removable 
housing allows direct 
inspection of solder 
joints, and fast 
repair/replacement 
of contacts. 


AMP is a trademark of AMP Incorporated. 


The contacts are High Pressure Tin, an 
AMP proprietary design which creates 
very high normal forces—a minimum of 
200 grams per contact—for maximum 
retention and reliable interconnection. 
Short-signal-path contacts float in the 
housing to accommodate thermal 
expansion. 

Two basic styles of sockets are avail¬ 
able: square or 32-position rectangular 
EPROM and SO-J. Both come in solder 
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tail or surface mount versions and feature 
all the important details. Tin-over-nickel 
plating is applied after the contacts are 
formed, to assure lull plating. We’ve 
built in visual indicators for locating pin 
1, and polarizing to aid correct insertion. 

Orientation holes in the 94 V-0 housing 
floor make registration to the 


pc board both fast and simple, ideal for 
hand or tube-loaded robotic insertion. 
And the high pin counts make very 
effective use of real estate. 


Call the AMP Information Center 
at 1-800-522-6752 for literature on HPT 
PLCC Sockets. AMP Incorporated, 
Harrisburg, PA 17105-3608. 



Interconnecting ideas 


Seven socket 
sizes are available, 
with carrier extraction 
tools provided for each size. 


CIRCLE NO. 16 
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High Speed, High Current 
Low Side MOSFET Drivers 



Drives a hex 0 - hex 3 size 
MOSFET: 400 pF to 3000 pF. 



Drives a hex 0 - hex 3 size 
MOSFET: 400 pF to 3000 pF. 


9 1.5 A 


25 ns I 



Drives a hex 0 - hex 3 size 
MOSFET: 400 pF to 3000 pF. 



Drives a hex 4 - hex 5 size 
MOSFET: 6000 pF to 12000 pF. 



Drives a hex 6-hex 7 size 
MOSFET : 15000 pFto 16000 pF 


MIC426/7/8 (Original) 

' 30 nS into 1000 pF 
' 4.5 V to 18 V supply 
’ 1.5 A peak output 
' 6 n output impedance 
• Available in surface mount 
packages 


MIC1426/7/8 (Low Cost) 

■ Low cost predriver 

• 38 nS into 1000 pF 

> 4.75 V to 16 V supply 

• 1.2 A peak output 

• 8 O output impedance 

» Available in surface mount 
packages 


MIC4426/7/8 (Protected) 

■ Latch-up protected 

■ 25 nS into 1000 pF 

■ 4.5 V to 18 V supply 
' 1.5 A peak output 

• 7 n output impedance 

• Withstands 5 V negative swing 
> Available in surface mount and 

high temperature packages 


MIC4423/4/5 (High Current) 
Latch-up protected 
25 nS into 1800 pF 
4.5 V to 18 V supply 
3 A peak output 

■ 3.5 Q output impedance 

' Withstands 5 V negative swing 

■ Available in surface mount 
packages 


MIC4420/4429 (Singles) 

■ Latch-up protected 

■ 25 nS into 10,000 pF 

■ 4.5 V to 18 V supply 
’ 6 A peak output 

' 2.5 n output impedance 

• Withstands 5 V negative swing 

• Available in surface mount 
packages 


High Side, Protected 
MOSFET Drivers 



3 


p" 




High Side Driver 


MIC5010 

Full Featured predriver 
Optional speed up caps 
7 V to 32 V supply 
■ Internal charge pump 
' 60 pS into 1 nF 
' Over current sensing 
> Fault flag output 
• Surface mount packages 
' Dynamic sensing threshold 

MIC5011 



Low Side Dnver 
With Current Sf nse 


4.75 V to 15 V 




• Minimum parts count 

P' I_ 


COM 


• Optional speed up caps 


input COM 

Sourc* C2 

Ground GM 


• 4.75 V to 32 V supply 

• Internal charge pump 

• AH ii.Q Intn 1 nP 

F 

Some* C2 

Gntund G» 


-\tl 


’ush-pull D 

L 

river 7 V i< 

V*A. Gate A 
Input A 
Source A 

> 32 V 

'5 V to 15 V 

Gnd 




Drives a hex 0 - hex 3 size 
MOSFET: 400 pF to 3000 pF 


MIC4465/6/7/8/9 (Quad) 

• Latch-up protected 

• 25 nS into 470 pF 

• 4.5 V to 18 V supply 

• 1.2 A peak output 

• Available in surface 
mount packages 

• Five logic choices 


QUAD DRI VERS 
- --MIC44I 

I-^ MIC4467 



fi 

3 6 



High Side Driver 
With Current Sense 




Surface mount packages 


MIC5012 
Dual predriver 
Provides high and low side 
4.75 V to 32 V supply 
Internal charge pump 
60 pS into 1 nF 
■ Surface mount packages 


MIC5013 

■ Over current sensing 

■ 7 V to 32 V supply 
' Fault flag output 

- Internal charge pump 

> 60 pS into 1 nF 

• Surface mount packages 

> Dynamic sensing threshold 


Dual Low Side Driver 


> V'*A ^ I 1^-1 
InpulA 




7 V to 15 V . Vj^Q 


Choose from the ■widest selection of MOSFET 
predrivers in the industry. Whether your specification 
requires ultrafast low side driving, overcurrent 
protected high side driving, or overcurrent protected 
low side dri'ving of 1 Amp to 100 Amp MOSFETs, we 
can supply the right product from our family of CMOS 
drivers to rehably meet your needs. For details 
contact: Micrel Semiconductor, 560 Oakmead Parkway, 
Sunn 3 wale, CA 94086. Or call (408) 245-2500. 


SEMICONDUCTOR 

The Intelligent Power Company 



<tm 
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MCS-96 FAMILY 


16-BIT NMOS AND CMOS 


AVAILABILITY: Now for 8096BH, 8097BH, 8097JF, and 8098 
COST: $5-$20. 

SECOND SOURCE: None. 

Description: Highly integrated 16-bit microcontroller combining 16-bit 
CPU with extensive I/O handling. On-chip memory includes as much as 
8k bytes of ROM/EPROM/OTP and 232 bytes of register-file. Also in¬ 
cludes as much as 256 bytes of on-chip code RAM. I/O capabilities 
include an 8-channel, 10-bit ADC, full-duplex UART, 8-level priority inter¬ 
rupt, pulse-width-modulated output, high-speed I/O subsystem, four 16- 
bit software timers, as many as five 8-bit I/O ports, and 1 watchdog timer. 


Intel Corp 

Chandler Microcontroller and ASIC Div 

5000 W Chandler Blvd 

Chandler, AZ 85226 

Phone (602) 961-8051 

For more information, Circle No. 376 


Status: This earliest of the 16-bit |xCs continues to maintain a large share 
of the 16-bit market. Intel has expanded the MCS-96 family to suit various 
segments of the market. 


HARDWARE- CHARACTERISTICS -software 



I— DATA-MANIPULATION INSTRUCTIONS 

8- and 16-bit signed and unsigned arithmetic in binary, including multiply 
and divide. 

Logicals. 

Bit, byte, word, and double-word operations. 

II— DATA-MOVEMENT INSTRUCTIONS 

Addressing modes include direct, immediate, indexed, indirect, and indi¬ 
rect with autoincrement. 

Load and store, push and pop. 

III— PROGRAM-MANIPULATION INSTR 
Has calls, jumps, and returns. 

Conditional jumps upon Boolean functions of flags within ±128 bytes 
of instruction. 

Iteration control of loops. 

IV— PROGRAM-STATUS-MANIP INSTR 

Zero, sign, overflow, carry, overflow trap, interrupt enable, and sticky bit 
(records previous value of carry during right shifts). 

Can set and clear some bits. 

Specification summary: 16-bit m,C with split-memory architecture: 8k-byte 
ROM and 232 bytes of register-file RAM on chip. External memory ex¬ 
pandable to 64k bytes, with data-bus dynamically programmable as 8 
or 16 bits. Register-to-register architecture with ALU operating directly 
on register file. Has 8-channel, 10-bit A/D converter; four 16-bit software 
timers; PWM output; five 8-bit I/O ports; full-duplex serial port; and high¬ 
speed pulse I/O ports. 16 x 16-bit multiply as fast as 1.75 p^sec and 
32/16-bit divide as fast as 3 ^jisec. In 48-pin DIP, 68-pin PLCC, or 68-pin 


Hardware notes: 

1. The NMOS MCS-96 family consists of parts available with A/D con¬ 
verter, 8- or 16- bit external bus. On-chip memory alternatives include 
ROM, EPROM, and one-time programmable versions. Packaging options 
include 68-pin PLCCs, 64-pin shrink DIPs, 48-pin DIPs, and 68-pin PGAs. 

2. I/O subsystem has 4 high-speed capture inputs and 6 high-speed pulse 
outputs. Storage in 8-deep FIFO (inputs) and content addressable mem¬ 
ory (outputs). 

3.16-bit watchdog timer allows recovery from hardware or software error. 


HARDWARE - SUPPORT -SOFTWARE 


Programming support for EPROM versions supplied through Intel’s line 
of universal PROM programmers as well as third-party programs from 
companies such as Data I/O, Stag, and Elan. 

From Intel: Macroassembler (ASM-96), PL/M-96, and C-96 compilers. 
PL/M and C compilers supply hardware-control features such as inter¬ 
rupts. Each software package includes relocation/linkage utility (RL-96): 
library management utility (LIB-96); object-to-hex conversion utility (OH- 
96): and FPAL-96, a 32-bit floating-point utility. Software packages run 
on IBM PCs and compatible computers. $750 for a single-user license. 


From Archimedes (San Francisco, CA): ANSI C-8096 compiler with addi¬ 
tional features, such as control of interrupt. Hosted on IBM PC ($995) 
MicroVAX ($3995), and VAX ($5995). 

From Cybernetic Micro Systems (San Gregorio, CA): Graphics program¬ 
ming and simulation aids, which run on IBM PCs ($295 and $995, respec¬ 
tively). 


EDN November 22, 1990 
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HPC16000 FAMILY 



16-BIT CMOS 


AVAILABILITY: Now for 20- and 30-MHz parts. 

COST: $5 to $25 in volume. 

SECOND SOURCE: None. 

CORE: The HPC family is core based. National says the family of standard 
parts Is continuously growing. 

Description: 16-bit CMOS \lC family with basic version having onboard 
ROM, RAM, extensive I/O, and peripherals. Original HPC had 16.8-MHz 
clock. Due to shrinking, new HPC16083 is offered in both 20-MHz and 
30-MHz versions. The 30-MHz part’s shortest instructions are just 134 
nsec over -55 to -I-125®C. 


National Semiconductor Corp 

2900 Semiconductor Dr 

Santa Clara, CA 95051 

Phone (408) 721-5000 

For more information, Circle No. 377 


Status: HPC is a family of Industrial controllers. Supplier’s benchmarks 
(August ’86 with HPC at 17 MHz) indicate that HPCs out perform other 
similar 8- and 16-bit controllers, such as Intel 8096, Motorola 68HC11, 
and TI370 on both throughput and ROM-program efficiency. NEC 78XXX 
and Zilog Super Z8 weren’t mentioned. Dataquest numbers show the 
HPC as the largest selling 16-blt CMOS jjlC. 


HARDWARE -CHARACTERISTICS- software 



PORT D 


Hardware notes: 

1. Family is designed around common ^JlP core for instruction-set consis¬ 
tency, with different models having various assortments of on-chip pe¬ 
ripheral functions. Onboard peripheral functions planned are ADCs, gate 
arrays for customization, dual-port RAMs for efficient Interprocessor 
communication (download/uploading), and EEPROMs. 

2. Microwire/Plus is used for synchronous serial data communications 
with supplier’s Microwire peripherals (ADCs, display drivers, EEPROM), 
COPS 4-bit fiCs, 8050 8-bit ^.Cs, and other HPCs for multiprocessing. 

3. Watchdog logic monitors operations and signals upon the occurrence 
of any Illegal activity, such as infinite loops. 

4. Halt and idle modes provide additional power savings by stopping 
clock or disconnecting It. 

5. Emulator parts are available for the HPC family. 

6. HPC16083 and HPC16003 are MIL-883 and DESC-qualified. 

- HARDWARE 


I— DATA-MANIPULATION INSTRUCTIONS 

8- and 16-bit arithmetic in binary. Including multiply and divide with 32-bit 
results. 

Logical AND, OR, XOR, and compares. 

Bit manipulation of all registers and through all 64k address space. 

II— DATA-MOVEMENT INSTRUCTIONS 

10 addressing modes: register B indirect, register X indirect, direct, indi¬ 
rect, indexed. Immediate, register indirect with autoincrement/decrement, 
register indirect with autoincrement, and skip. 

Instructions include load, store, push, pop, and exchange. 

III— PROGRAM-MANIPULATION INSTR 

Calls, jumps, returns, and conditional jumps implementing high-level-type 
constructs. 

IV— PROGRAM-STATUS-MANIP INSTR 

There is a carry-bit and several status registers. They may be manipulated 
as all bits in register space, and in 64k address space, they may be set, 
reset, and tested. 

Specification summary: 16-bit CMOS pC and pP with memory-mapped 
architecture. External expandable memory. 16-bit-wide architecture in¬ 
cludes data bus, ALU, and registers. Has 8 programmable 16-bit timers, 
8 vectored interrupts, full-duplex UART with programmable baud rate, 
PWM outputs, 10 timer-synchronous outputs, 4 input-capture registers, 
52 general-purpose I/O lines. Supply range is 4 to 5.5V. Available in 
industrial (-40 to +85°C) and extended (-55 to +125"C) temperature 
ranges (MIL-STD-883 now). In 68-pin plastic package. 


Commercial 
version 
(0 to 70“C) 

Industrial 
version 
(-40 to +85‘»C) 

ROM 

EPROM 

(bytes) 

RAM 

(bytes) 

I/O 

pins 

Timer 

base 

counters 

Other 

HPC46003 

HPC36003 

ROMIess 

256 

52 

8 

4 input capture registers 

HPC46004 

HPC36004 

ROMIess 

512 

52 

8 

4 input capture registers 

HPC46064 

HPC36064 

16.0k 

512 

52 

8 

4 input capture registers 

HPC46083 

HPC36083 

8.0k 

256 

52 

8 

4 input capture registers 

HPC46104* 

HPC36104 

ROMIess 

512 

52 

8 

4 input capture registers 
and 8-channel ADC 

HPC46164* 

HPC36164 

16.0k 

512 

52 

8 

4 input capture registers 
and 8-channel ADC 

HPC46400 

HPC36400 

N/A 

256 

56 

4 

HDLC & DMA 

HPC46400 

HPC36400E 

N/A 

256 

56 

4 

HDLC & DMA 

HPC467164* 

HPC367164 

16.0k 

512 

52 

8 

EPROM & one-time- 
programmable device 

HPC46083MH 


8.0k 

256 

52 

8 

EPROM 

•Available in 1991 

All devices have 8 interrupts, implement their stacks in RAM, 
come in 68-pin packages 

MIL versions available 

, have at least 1 serial I/O port, and 


SUPPORT- SOFTWARE 


A designer’s kit is available for less than $500. Supplier’s HPC develop¬ 
ment system costs approximately $7000 for the HPC family. A high-end 
development system will be available from Hewlett-Packard as part of 
the HPC64700 in 1990. Both development systems can be used In con¬ 
junction with various hosts like IBM PC/ATs or HP9000 Series 300s. 
Dial-A-Helper Is a 24-hr, on-line computer bulletin board serviced by 
National. It provides the latest information on ail National jxC chips (includ¬ 
ing development systems) and also specific application support. Call 
(408) 739-5582 for more information. 


Cross-assembler and C compiler to run on IBM PC. VAX (Unix/VMS) 
support is available, as is a symbolic debugger. Floating-point math and 
general math packages are currently available. Extensive application soft¬ 
ware is available for ISDN and SCSI. 
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Good analysis doesnt 
TO Costa fortune 



Deep-seated quirks hidden within your complex 
designs. They can drive you crazy. Delay product 
time-to-market. And strain your design budget. 
But there is a solution. 

And Simucad offers it now. In fact, in 1984 
we wrote the textbook on cost-effective design 
analysis, with our industry-standard SILOS 
simulation software. 

Now, the leader is hack. With SILOS II, the 
world’s most powerful interactive logic and fault 
simulation system. Analyze your subject, top- 


down and bottom-up, for less than you’d expect. 
SILOS II spells hardware independence. And the 
ability to address every element of your design’s 
complex personality-from circuit description 
to final verification. 

Get a head start on your competition. With 
SILOS II, the essential analysis software. It’ll 
improve both your mental and fiscal health. 

Call us today,(415) 487-9700. 

OSIMUCAD 


Simucad Inc., 32970 Alvarado-Niles Rd., Union City, CA 94587 


EDN November 22, 1990 
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1985 
TLC549 
8 Bit A/D 

Introduction of LinCMOS Technology 


^TLC1S40IN 


1986 
TLC1540 
10 Bit A/D 

12 Channel LinCMOS Technology 



1987 

TLC7524(AD7524) 

1st D/A Converter 

Introduction of Advanced LinCMOS Technology 



1987 

TLC7528(AD7528) 

1st 8-bit D/A Dual Channel 
Advanced LinCMOS Technology 



1988 

TLC10(MF10) 

1st Dual-switched Capacitor With Filter 
Advanced LinCMOS Technology 



1989 

TLC32044 

1st 14 Bit A/D, D/A And Filter On Same Chip 
Advanced LinCMOS Technology 


Marshall boasts a fine lineage. 


At Marshall, we have a history of making history in linear technology. Like supporting each new generation from 
Texas Instruments. Now our line includes TI’s family of Advanced Linear components. With higher performance, 
higher levels of integration and merging of analog and digital signals. So whether your applications are mainframes 
and modems or terminals and test equipment, Marshall stocks the TI Linear and 
Advanced Linear parts you need. After all, we’ve been doing it for generations. 11 lOiSflOII 


i I (•Auih<)rizcdLi>caiiom)ALHunisvillc(2()S)881-92A5.*AZPh<)cnix(602)496.()29(^T-uc«)n(6()2)79<)-56H7.'CAImnc(7M)4SK-SA0l.*Lc)sAnRclcs(818)407.Al(X).*Satramwio(916)6A5-97(K).’SanDicgo(6l9)S78-96(K):.SanFranm^^ 

1 -p CTConnccticul(20.M26V3822.’FLFl. Uudcrdalc(30S)977.4880’. Orlando(-<07) 767.8‘>85.*Tampa<8>3) S73.I399.T.A Atlanta(•«M)92.3.S7SO.*ILChicago(?()8) WOISS.'IN Indianapolis(3l7)297-048.3.*KS Kansa.sCiiy(9l.3)492-312I.*MA Boston(508)658-0810.* 

lEXAS I mDM arvland(50l)622 1118.*MIMiihigan(3l3)525-5850,*MNMinncap<)lis(6l2)559-22ll.*MOSl LouLs(3N)29l-4650.*NCRalciRh(919)87H-9882.*NJN.NcwJcrscy(20l)882-032t).*NYBInKhamion(6t)7)798-1611.•Longlsland(5l6)273-2424.*Rochcsier(7l6)235-7620.* 

I INS TRU MENTS 1 oh Clcvcland(216)248-1788.*Davion(5I3)898.448t).*ORPt)rtland(503)644-505t).*PAPhnadclphia(6t)9)234-9ltK).*Plii.sburgh(4l2)-88-044l.TXAusiin(5l2)837-1991.•Dallas(214)233-5200,*ElPaso(915)593 t)706.*Houston(7l3)895-92t)0.*SanAmonio(512)734-5100.* 
Authorized Distributor*] DTSall Lake City (801) 485-1551.* WA Seattle (2t)6) 486-5747:wi Milwaukee (41 ■») 797-8.ttK),*In Canada: G.S. Marshall Co . Montreal (514) 694-8l42.*Ottawa (613) 564-Ol66.*ToronU)(416) 458-8046.*Vancou%cr (604) 436-0068.*We.stern Canada (800) 465-6640* 
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80C166 


AVAILABILITY: Now. 

COST: $25 (10,000) 

SECOND SOURCE: SGS-Thomson. 


Description: The 80C166/83C166 is a 16-bit microcontroller for real-time 
applications. It uses a pipelined architecture and performs 8-, 16-, and 
32-bit arithmetic and bit, byte, and word manipulations. You can freely 
allocate, within the internal RAM, any number of register banks with as 
many as 16 general-purpose registers. An interrupt controller with a 
peripheral event controller provides fast response to external events. 


16-BIT CMOS 


Siemens Components Inc 

Integrated Circuits Div 

2191 Laurelwood Rd 

Santa Clara, CA 95054 

Phone (408) 980-4518 

For more information, Circle No. 378 

Status: Siemens claims its 16-bit modular design works well in automo¬ 
tive, industrial-control, and data communications applications. The 
80C166 uses the vendor’s experience with highly integrated derivatives 
of the 8051. Changing peripheral modules and on-chip RAM and ROM 
sizes to suit particular applications will help the family grow. 


HARDWARE- CHARACTERISTICS -software 



I— DATA-MANIPULATION INSTRUCTIONS 

8-, 16-, and 32-bit signed and unsigned arithmetic instructions including 
fast multiply and divide. Multiple-bit shift and rotate in one machine cycle. 
Direct bit-to-bit manipulation in internal RAM. Various loop-control in¬ 
structions. 

II— DATA-MOVEMENT INSTRUCTIONS 

Move instructions of byte or word in direct, immediate, indexed, and 
indirect with auto increment or decrement addressing modes. Flexible 
byte-to-word movements, system stack and user stack instructions. 

III— PROGRAM-MANIPULATION INSTR 

Intersegment and intrasegment calls and jumps. Conditional jumps on 
16 different conditions (including semaphore support). Software traps 

IV— PROGRAM-STATUS-MANIP INSTR 

You can change the current CPU priority to mask reactions on interrupts 
of lower priority. Hardware traps are issued on detected errors. A system- 
configuration register allows adjustment of the jjlP to various system 
requirements. 

Specification summary: Single-chip microcontroller with external bus in¬ 
terface, as much as 32k bytes of ROM or flash EPROM, and Ik byte of 
RAM. Selectable 8- or 16-bit external data bus with programmable wait 
states or ready function. Chip uses 40-MHz crystal to run at 20 MHz. 
Most instructions execute in one machine cycle. Interrupt response takes 
3 to 5 cycles. You can allocate 32 interrupt sources to 16 priority levels. 
The peripheral event controller steals cycles to implement fast, asynchro¬ 
nous data transmissions. The capture/compare unit consists of two 16-bit 
timers with 400-nsec resolution. A general-purpose timer unit contains 
three 16-bit up/down timer/counters with 400-nsec resolution. Another 
general-purpose timer unit offers two 16-bit up/down timer/counters with 
200-nsec resolution. The 80C166 provides 76 I/O lines in four 16-bit 
bidirectional ports, one 2-bit bidirectional port, and a 10-bit input port. 
Two USART channels provide 625k-baud serial communication. An on¬ 
board ADC provides 10-bit resolution and 15-|xsec conversion time. 


Hardware notes: 

1. The peripheral event controller services peripherals independent from 
the CPU. This controller module acts as an interrupt-driven DMA function 
between the CPU and peripherals. 

2. The 80C166 is a task-oriented machine. The programmable interrupt 
priorities, a number of hardware and software traps, fast interrupt re¬ 
sponse time, and programmable register-bank allocation allow fast task 
switches. 


HARDWARE - SUPPORT -SOFTWARE 


Siemens supplies an 80C166 evaluation board with monitor and an emula- From Siemens: A development package that includes a macro assembler, 

tor based on a bond-out chip. The board uses the IBM PC as a host. linker, locator, and library. A C compiler for ANSI standard C with addi¬ 

tional support for 80C166-specific features. A software simulator that 
can simulate on-chip peripherals and an interrupt system allows debug¬ 
ging and software development. All software tools are IBM PC-based 
and are currently available. 
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RTX 2000 


AVAILABILITY: The RTX 2000-8 (8 MHz), the RTX 2000-10 (10 MHz), 
and the RTX 2001A-8 and -10 are available now in 84-pin PGA and PLCC 
packages. Military grades are also available. 

COST: In 100-piece quantities: The 8-MHz RTX 2000 starts at $99, the 
10-MHz version starts at $129, the 8-MHz RTX 2001A starts at $49, and 
the 10-MHz RTX 2001A starts at $76. 

SECOND SOURCE: Zoran Corp (Santa Clara, CA). 

CORE: Available in the Harris’s advanced standard-cell and compiler 
library. 

Description: The RTX 2000 is a high-performance 16-bit jiP with on-chip 
timers, a interrupt controller, a multiplier, and two 256-word stacks. The 
manufacturer claims that the chip offers a sustained performance greater 
than 10 MIPS because each instruction requires only one clock cycle for 
execution. The chip’s architecture lets designers add hardware accelera¬ 
tors and I/O devices that extend the chip’s basic structure. The CMOS 
RTX 2000 operates between dc and the maximum clock rate. Power 
consumption is typically 5 mA/MHz. 


16-BIT CMOS 


Harris Semiconductor 
Box 883 

Melbourne, FL 32902 
Phone (407) 724-3800 
For more Information, Circle No. 379 

Status: Although Harris places its RTX 2000 in a RISC microcontroller 
category, the chip fits into the general-purpose ^jlP category, too. The 
company expects that most of the chip’s applications will fall into the 
real-time embedded-control realm. Because the chip directly executes 
Forth commands, Harris expects that designers will find doing real-time 
software development relatively easy. Harris designed the RTX 2000 
using its advanced standard-cell and compiler library. Thus, designers 
can incorporate the device into ASICs. 


HARDWARE 


CHARACTERISTICS 


SOFTWARE 



ADDRESS DATA CONTROL ADDRESS DATA CONTROL 


PCLK ICLK 
TCLK WAIT 
RESET 


Hardware notes: 

1. Diagram shows basic RTX 2000 architecture. The 2001A is a smaller 
version that lacks the hardware multiplier. 

2. The ASIC-bus interface lets designers extend the chip’s basic architec¬ 
ture with peripheral and I/O devices. 


I— DATA-MANIPULATION INSTRUCTIONS Full set of math and logic in¬ 
structions, which includes a single-cycle 16 x 16-bit multiplication opera¬ 
tion as well as division and square-root operations. The architecture also 
allows 16- and 32-bit shifts. You can directly manipulate the top element 
of either the return or the parameter stack. 

II— DATA-MOVEMENT INSTRUCTIONS 
Access memory as bytes or words. 

Memory-to-stack or stack-to-memory operations require two cycles. 
Combine memory or I/O operations with ALU operations. 

Access memory in LSB-MSB or MSB-LSB order. 

“Streamed” memory access with automatic address update. 

Access to 1M byte of memory space through page register. 

III— PROGRAM-MANIPULATION INSTR 

Intrapage calls require one cycle; interpage calls take three cycles. Return 
operations require either zero or one cycle. 

Single-cycle conditional or unconditional branch operations. Conditional 
branches depend on the top-of-stack or on the index registers. 
Single-level software interrupt. 

IV— PROGRAM-STATUS-MANIP INSTR 

Flags include interrupt enable, interrupt pending, carry, complex carry, 
byte order, and boot. 

Automatic interrupt enable on return-from-interrupt operation. 

Specification summary: 16-bit CPU with IM-byte address space. Bus 
cycles execute in 100 nsec with a 10-MHz clock. All instructions execute 
in 1 or 2 cycles, and the memory bus is active during every cycle. Addi¬ 
tional I/O bus for high-speed transfer operations occurring simultaneously 
with memory-access and processing operations. The architecture in¬ 
cludes two 64-word stacks, both of which may be active when memory- 
and l/O-transfer operations take place. Harris claims a peak data-transfer 
rate of 80M bytes/sec. On-chip peripheral devices include three counter/ 
timer units and a 16-bit multiplier. The 107,000 miF RTX 2000 and 80,000 
mil^ RTX 2001A are housed in an 84-pin PGA or an 84-pin PLCC package. 

Software notes: 

1. The RTX 2000 directly executes Forth statements; consequently, no 
assembly language exists for this processor. 

2. Harris claims that the stack architecture is flexible enough to enable 
the chip to efficiently run many popular computer languages. The chip 
contains a parameter and a return stack. 


HARDWARE 


SUPPORT 


SOFTWARE 


From Harris: The Real-Time Express Development System (10 MHz, 
RTXDS-10; $2995) runs from within an IBM PC or compatible. Harris 
also offers 8- and 10-MHz development boards (from $1495) for those 
who want to write their own development software. 

From others: The Microprocessor Engineering (Southampton, UK; US 
agency is AM ICS Enterprises, Rochester, NY) Power Board is a stand¬ 
alone unit that furnishes a variety of I/O ports and 500k bytes of RAM. 
VME Inc (Milpitas, CA) offers VMEbus development systems and stand¬ 
alone boards based on the RTX. Silicon Composers (Palo Alto, CA) also 
offers a variety of systems. 


From Harris: Available software includes a target/host monitor; an IBM 
PC-based, C-development environment with interactive debugger; a Forth 
development system, which includes an RTX Forth cross-compiler; a 
disassembler; and a DOS file utility program. A Forth kernel and a multi¬ 
tasking operating system are also available. 

From others: Laboratory Microsystems (Marina del Rey, CA), Forth Inc 
(Manhattan Beach, CA), and others have software packages for the RTX 
2000 [lP. Microprocessor Engineering’s Power Forth for its development 
board is an extended Forth-83 development environment. 
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THIS DECADE, MAKE A COMMITMENT 
TO USE ONLY THE BEST. 


For ten years Introl has been creating the world's best high-powered tools 
FOR EMBEDDED SYSTEMS PROGRAMMERS. I*/ OUR C COMPILERS, MODULA-2 COMPIL¬ 
ERS, Source level Debuggers, and Macro Assemblers are in use by major 

CORPORATIONS AND SAVVY INDEPENDENT CONSULTANTS FROM SAN FRANCISCO TO 

Singapore. ^ We have developed support for a wide range 
OF processors! on an even wider range of host systems! This 

VERSATILITY ALLOWS YOU TO MOVE FROM PROJECT TO PROJECT 
WITHOUT LOSING VALUABLE TIME LEARNING NEW TOOLS AND TECHNIQUES. ^ ALL OUR 
PRODUCTS ARE COVERED BY COURTEOUS AND HIGHLY EFFICIENT TECHNICAL SUPPORT TO 
ASSIST YOU WITH ANY PROBLEMS YOU MAY ENCOUNTER. ^ SO, THIS DECADE, MAKE A 
COMMITMENT - TO iNTROL. 

'6801,6301, 68HC11,6809, 68000/10,68020/30/40, 68332,32000 • ^MSDOS, MAC-MPW, VAX VMS/ULTRIX, DECSTATION, IBM RS6000, SUN3, SUN4, APOLLO, 386 UNIX SYSTEM V 
INTROL CORPORATION • 9220 WEST HOWARD AVENUE • MILWAUKEE, Wl 53228 • TEL414.327.7171 • FAX 414.327.7734 




INTROL 


CORPORATION 
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FLUKE AND PHILIPS - THE G LOBAL ALLIANCE IN TEST & MEASUREMENT 



PHILIPS 



More professionals in more industries 
make Fluke their first choice in 
muitimeters. 

Fluke DMMs. Reliable. Accurate. Powerful. 
Tough. Versatile. Easy to use and simple to 
operate. Backed by the longest, most 
comprehensive warranty in the business. 
Made in the U.S.A. In short, Fluke makes 
meters you can bet your reputation on. 

More choice. No matter what the job, 
there’s a Fluke to handle it. 

There’s the new 80 Series-the most 
powerful, most complete test and 
measurement system available in a 
handheld package. 


The popular 70 Series-simply put, the 
most requested DMM in the world, with 
nearly 2 million units in service since 
1984. And the Fluke 21 and 23—70 Series 
simplicity in high-visibility yellow. 

The Fluke 25 and 27-the most rugged 
meters ever built, totally sealed against 
water, dust and other contaminants. 

And the precise 8060 Series—with the 
versatility of a test lab, the accuracy of a 
bench instrument, and the convenience 
of a handheld. 

Smart choice. Compare Fluke DMMs 
with any other handheld. No one else gives 
you as much meter for your money. And 
no other meter costs less to own. 


Your choice. For the name of your 
nearest Fluke distributor, call toll-free 

1-800-44-FLUKE, ext. 33. And make a 
great choice. 

John Fluke MIg. Co., Inc. P.O. Box C9090 M/S 250C Everett. 

WA 98206. U.S.: (206) 356-5400. Canada: (416) 890-7600. 

Other Countries: (206) 356-5500. ® 1989 John Fluke MIg. Co., 
Inc. All rights reserved. Ad No. 0491-F70 


FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS 


FLUKE 
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TRANSPUTER FAMILY 


16/32-BIT CMOS 


AVAILABILITY: Now for 20-, 25-, and 30-MHz parts in PGAs, PLCCs, 
and PQFPs. 

COST: In 100 qty PGAs: T222, $57; T400, $84; T425, $167; T800, $278; 
T801,$334. 

SECOND SOURCE: None, but also manufactured at parent company 
SGS-Thomson’s Carrollton, TX, fabrication plant. 

Description: The Transputer family is a range of software-compatible 
16-and 32-bit fiPs. Each part has a CPU, on-chip SRAM (2k or 4k bits), 
timers, external memory interface, and 2 or 4 serial links. The links are 
20M-bps DMA channels for communications and building multiprocessor 
systems. The serial links are DMA channels into the Transputer memory 
system and allow software processes to run on independent Transputers 
and communicate directly via the links. T8xx devices have an on-chip 
64-bit FPU. 


SGS-Inmos Limited 
1000 Aztec West 
Almondsbury 
Bristol, UK 
BS12 4SQ 

Phone (0454) 616616 

In US, phone (719) 630-4000 

For more information, Circle No. 380 

Status: Volume buildup has been slow. One possible explanation is that 
most of the applications have been for multiprocessor configurations 
(typically 4 to 10 Transputers), so designers have been engrossed by the 
challenge of developing practical parallelism. More than 1000 designs 
worldwide use the Transputer. 


HARDWARE- CHARACTERISTICS -software 


I—DATA-MANIPULATION INSTRUCTIONS 

Integer arithmetic, including multiply and divide. Logicals, shifts, and com¬ 
parisons. T800 has on-chip IEEE floating-point add and subtract, multiply 
and divide, and square root, both 32 and 64 bits. 


FLOATING-POINT 



II— DATA-MOVEMENT INSTRUCTIONS 

Memory-bandwidth block moves, 2-dimensional block moves for graphics 
bitbIt. Load/store of local variables done relative to workspace pointer. 
Indexed load/stores available from address in A register. Immediate loads 
done 4 bits at a time. Large immediate values loadable from tables, 
instruction stream, or a sequence of special instructions. 

III— PROGRAM-MANIPULATION INSTR 

Conditional and unconditional jumps. Procedure call and return. Subrou¬ 
tine call and return. Computed jumps. Process (task) creation and dele¬ 
tion. 2-level priority and time-sliced scheduling with message passing 
and time events using built-in hardware. One level of interrupt. 

IV— PROGRAM-STATUS-MANIP INSTR 

Error flag detects overflow. Test, set, clear, stop-on-error instructions. 
One error flag per task priority level. Instructions for checking array 
bounds. 

Specification summary: Family of 16- and 32-bit |xPs designed for 
multiprocessing. Unique in that they have the hardware and software links 
that allow them to be hooked to each other for parallel processing. Four 
full-duplex, 20M-bps serial links driven by on-chip, 8-channel DMA pro¬ 
vide basic multiprocessor communication links as well as I/O. One 5-MHz 
external clock generates 20-MHz chip clocks, giving 50-nsec instruction 
cycle. Submicrosecond interrupt latency, procedure call, and task switch. 
Most instructions take 1 or 2 cycles. Integer multiply takes 38 cycles; 
divide takes 39 cycles (less than 2 fxsec). Single-precision floating-point 
add takes 7 cycles (350 nsec), floating-point multiply takes 11 to 18 cycles 
(550 to 900 nsec), and floating-point divide takes 16 to 28 cycles (800 
to 1400 nsec). 


Hardware notes: 

1. Diagram is for T425. T800 is the same but adds an FPU. T801 is the 
same as the T800 except that the external memory interface is a nonmulti- 
plexed data/address bus instead of the T800 multiplexed bus. T222 is 
the same as the T800 except that it has a 16-bit internal architecture and 
the FPU has been removed. The T400 is a low-cost variant with 2 links 
and 2k bits of on-chip memory. 

2. Unlike most 32-bit machines, there is no group of general-purpose 
registers. Instead, substantial on-chip RAM plays equivalent role. 

3. ALU fed from 3 accumulators forming a small 3-deep stack, allowing 
compact implied addressing. 

4. The four serial links allow arrays of Transputers in multiprocessing 
with no bus saturation, which is the reason speed increase is said to be 
linear when more ^iPs are added. 

Software notes: 

1. Frugal 4-bit operation code allows only 16 basic instructions. Most of 

these are movement types (category II) involving one workspace-pointer- 
relative 4-bit address and used to push and pop data on and off evaluation 
stack. ^ 

2. Two priority-ordered process queues are each supported by front and 
back registers, indicating a linked list of processes ready to run. Event- 
based multitasking is fully supported by a real-time kernel In microcode. 

3. Supplier’s Occam language said to facilitate programming multiple 
Transputer systems, but programmer must still study how best to partition 
task. Third parties have announced extensions to C to accomplish same ends. 


HARDWARE - SUPPORT 


Inmos offers development systems based on mother board for hosts 
such as the IBM PC, SUN, and DEC/VAX systems. Each mother board 
can accommodate Transputer Modules (TRAMs), which contain 
Transputer and memory. You can build multiprocessor systems by plug¬ 
ging multiple TRAMs into the mother board. Software controls the con¬ 
figuration. Third parties support the modules, which have industry stan¬ 
dard pinouts. Memory sizes range from 32k to 8M bytes. 


SOFTWARE - 

Inmos supplies compilers for hosts such as IBM PC, VAX (VMS), and 
Sun systems. ANSI C, Fortran, Pascal, and Occam are the languages 
that Inmos supports. Available software-debugging tools include network 
debugger, breakpoint, and trace facilities. Third-party vendors support 
Ada, Modula 2, and Prolog, and operating system environments such 
as Heios, Linda, and Transidris. 
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Z8000/Z16C00 


AVAILABILITY: Now for NMOS Z8000 at 6 and 10 MHz. Now for CMOS 
Z16C00 at 10 MHz; 16-MHz version will be available late in 1990. 

COST: $4.72 (10k) for Z8000 in PLCC package. 

SECOND SOURCE: SGS-Thomson, and Sharp for Z8000. 

CORE: Zilog has both Z8000 and Z16C00 as cores in its in-house ASIC 
library and plans to use Zbus for Its systems on silicon. The company 
says that 160x160-mil Z8000 core is small enough to leave room for 
other functions on practical 400 x 400-mil ASIC. 

Description: One of the first jjlPs to have architectural features of a 
modern minicomputer. Original 16-blt Z8000 comes in 40-pin package 
for addressing 64k-byte memory or in 48-pin package for addressing 
8M-byte memory. Said by many Industry observers to be architecturally 
more powerful than 8086 but less powerful than 68000. Supplier says 
military has found it to be highest performance 16-blt jiP, offering best 
CPU speed, Interrupt handling, character-string search, and block moves. 


16/32-BIT NMOS AND CMOS 


Zilog Inc 

210 Hacienda Ave 

Campbell, CA 95008 

Phone (408) 370-8000 

For more information, Circle No. 381 

Status: The Z8000 has found most acceptance in real-time control 
applications, particularly military, according to Zilog. The company has 
added the Z16C0016-blt CMOS microcomputer to the family for real-time 
embedded control applications. The company is licensing its 16-blt core 
for customer applications. 


HARDWARE- CHARACTERISTICS -software 



I— DATA-MANIPULATION INSTRUCTIONS 

Arithmetic, including add, subtract, decimal adjust. Increment, decrement, 
multiply (signed), divide (signed). Logicals, including AND, OR, exclusive 

OR, compare, test, complement, rotate, and shift (by n). Operations can 
be on bit, BCD nibble, byte, 16-bit word, or 32-bit double word, and can 
use any of the 16 general-purpose registers as accumulator. 

II— DATA-MOVEMENT INSTRUCTIONS 

Eight addressing modes using general-purpose registers as indexers 
and stack pointers. 

Comprehensive set of block-transfer and string-manipulation mac¬ 
roequivalents, including many dedicated to I/O space. 

III— PROGRAM-MANIPULATION INSTR 
Call and call relative (±4096 bytes). 

System call using special system stack pointer. 

Jump conditionals. 

IV— PROGRAM-STATUS-MANIP INSTR 

Set and reset flags, complement flags. Set-multiple-Interrupt modes. 
Tests for the micro-in and micro-out lines for multiple-microprocessor 
configurations. 

Specification summary: Common-memory architecture with optional 
separate I/O space and separate systems stack. Z8000 is 16-bit |jlP that 
has directly addressable memory space of 8M bytes (8001) using segment 
pointers, expandable to 48M bytes using the six available memory spaces 
and an MMU. Executes 110 basic instructions with 410 combinations at 
speeds ranging from 0.30 p-sec through 1 or 2 p-sec to 7 p,sec for 16-blt 
multiply, all at 10-MHz system clock (6 MHz also available). Eight large- 
computer-style addressing modes. NMOS, requiring one 5V supply (plus 
substrate-decoupling capacitor), in either 40- or 48-pin package. Z16C00 
Is a CMOS compatible version of Z8000 and can run same software. 


Hardware notes: 

Supplier has companion peripherals suitable for both processors: For 
Z8000, a range of DMA, FIFO, data ciphering (NBS), communications, 
and counter/timer parts. 

For Z16C00, a system general logic unit—16C20—contains memory sup¬ 
port, DMA, interrupts, and I/O. For 16C01, a CMOS dual MMU80210 
addresses 128 segments compatible with the 8010 NMOS MMU. 


HARDWARE - SUPPORT -SOFTWARE 


From Zilog: Z16C00 development board ($250). 500-pg Z8000 technical 
manual. 

From others: Tools available from Applied Micro, Boston Systems, Kon- 
tron, Orion, Single Board Solutions, and Tektronix. Contact supplier for 
addresses. 


From Zilog: Real-time application software (IBM PC based). C compilers 
and cross assemblers. Contact supplier for names and addresses of 
software-support vendors. 


Text continued on pg 161 
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Emulation 


power 

without 

compmise 

Power in selection —System 


EZ-Pro™ 1.5 price performance leader for 
8-bit in-circuit emulation. 


support for more processors than any 
other manufacturer in the world. 
Power in product range to match your 
needs—from economical basic con¬ 
figurations to fully featured systems. 



EZ-Pro 2.1 industry workhorse for 
16-bit and 8-bit designs. 


Power in performance —Completely 
integrated capabilities include options 
such as versatile trace, performance 
analysis, EPROM programming, C 
source level debugging, over 100 
personality modules with a common 
universal platform for different proc¬ 
essors, C cross compilers, cross 
assemblers and more. 

Power without compromise —All 
invented here. Supported here. And 
available to rent or purchase now. 

Free Demo Disk! 

See how easily you can use these 
sophisticated development tools. Our 
marketing department will ship your 
demo disk today. Please Call: 


( 714 ) 731-1661 

american 

_automation Headquarters: 2651 Dow Avenue, Tustin,' California 92680-7207 

Teleohone (714) 731-1661. European Headquarters: UK Oxford 993 778991. Distributors: Australia 3-5601011, Belgium 2-4681400, 
France 1-69308050, India 418387, Indonesia 22-71880, Italy 2-50722282, Korea 2-7849942, Spain 1-7291155, Switzerland 1-4354111, Taiwan 
2-7368150, West Germany 89-6127087. 


A 


EZ-Pro is a trademark of American Automation inc. 
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Time! 


Perpetual Time 

We specialize in permanently powered time¬ 
keepers that never stop. 

Thanks‘to embedded lithium energy cells 
and low power consumption —about 250 
nanoamps — Daljas timekeepers run for over 
10 years with no external power. 

There is no lithium consumption as long as 
system power is present. So assuming your 
equipment is occasionally turned on, the 
clock will run darn near forever. 



The DS1287 Real Time Clock retains data over 
10 years in the absence of external power and is a 
direct replacement for the MC146818A. 


And just to make sure 7 ou get every minute 
you’ve got coming, a freshness seal extends 
life by preventing lithium consumption until 
the equipment is first powered up.. 


Choose Your Interface 

Recognizing that different designs need dif¬ 
ferent approaches, we make clocks with four 
interfaces. If you didn’t know you needed an 
• interface until after the fact, try our phantom. 
The phantom interface fits into existing 
circuitry and is invoked with software; 
.it appears and disappears on command. So 
it won’t interfere with whatever else has to 
go on. 

If you need the timer to mimic memory and sit 
on the memory bus, try our bytewide inter¬ 
face, which fits into a memory socket. If you 
need an interface for a PC/AT/OS2 or EISA, 
we have a PC interface. And, of course, we 
offer a seriar interface. 


Now t’ick Your Options 

Have a look at our menu of selections. 

Vital Memory 

Many of our clocks provide what we call “vital 
memory,” special nonvolatile RAM that stores 
information essential to the operation of the 
equipment. 

Such as setup or configuration data to get 
the .system going, after a power failure. Or 
information that helps you keep track of 
computers and components. Like serial 



The DS1487 RAMified Real Time Clock features 
8K bytes of NV SRAM to store data essential to the 
operation of the equipment. 
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Product Name 
and Number 

Type of 

Interface 

NVSRAM 

Bytes 

Special 

Features 

Real Time Clock 

DS1287 


50 

Replaces MC 146818A; MS-DOS 
compatible: programmable interrupts: 

RAMified Real Time Clock 
DS1387, DS1397, DS1487 

Multiplexed 

Bytewide Data/ 

4K/8K 

square wave output. Meets MCA and 
EISA NV RAM requirements. 

CPU Supervisory Stik 
DS2287 

Address Bus 

8K/32K 

See above, plus power monitor and 
cold starts computer from keyboard. 

Watchdog Timekeeper 
DS1286 


50 

CPU watchdog: programmable 
interrupts: square wave output: 

RAMified Timekeeper 

DS1386 

Conventional 

Bytewide 

32K 

wake up interrupts. 

SRAM Bus 


See above, plus power monitor and 
cold starts computer from keyboard. 

CPU Supervisory Stik 

DS2286 


8K 

SmartWatch/RAM 

DS1216B, C. D 

Conventional Bytewide 
SRAM and EPROM Bus 
with Phantom Interface 

2K -► 512K 

Timekeeper built into a socket: mated 
SRAM converts to NV RAM. 

SmartWatch/ROM 

(EPROM) 

8K -► 512K 


DS1216 E. F 

NV SRAM packaged 
with tirpekeeper. 

NV SRAM with Phantom 

Clock DS1243Y, DS1244Y 


8K/32K 

Real Time Clock Chip 

DS1285 

Multiplexed 

50 

Replaces MC 146818A: MS-DOS 
compatible: programmable interrupts: 
square wave output. Meets MCA and 
EISA NV RAM requirements. 

RAMified Real Time 

Clock Chip 

DS1385. DS1395, DS1491 

Bytewide Data/ 

Address Bus 

4K/8K 

Watchdog Timekeeper Chip 
DS1283, DS1284 

Conventional 

Bytewide 

SRAM Bus 

50 

Programmable interrupts: square 
wave output. Controller provides 
battery backup circuitry for SRAM - 
2.0 to 5.5 volt operation. 

Phantom Time Chip 

DS1215 

Conventional 

Bytewide SRAM and 
EPROM Bus Controller 
with Phantom Interface 

external 

Battery backup circuitry for SRAM. 
Add-in real time clock uses same 
SRAM/EPROM signals. 

Serial Timekeeper Chip 
DS1202 

3-Wire Serial 

Interface 

24 

2.0 to 5.5 volt operation: serial 

I/O for minimum pin count. 







number, password, type of add-in boards, or 
field service‘warranty information. 

• 0. ’ 

You can choose the amount of vital memory 
you need — frorh 50 bytes to 32K bytes. 

Watchdog Timer • 

Some clocks have watchdog timers that 
restart the system when the microprocessor 
is out of control. Your system can wake up 


or go to sleep thanks to programmable 
alarms. You can even set an alarm to go off 
on important dates — like January 1, 2000. 

Easy Retrofit 

Your systems are already designed and 
built? No problem. Some of our clocks retrofit 
to existing designs. They sneak in under an 
EPROM or a RAM — no changes to hard¬ 
ware required. 


So. if you need time, there isn’t a better 
number to call. 



DALLAS 


SEMICONDUCTOR 


4401 SOUTH BELTWOOD PARKWAY 
DALLAS, TEXAS 75244-3292 
TELEPHONE: 214-450-0448 
FAX: 214-450-0470 


The DS1386 RAMified Timekeeper guards against 
computer malfunction and mimics bytewide static 
RAM; it comes with 32K bytes of NV SRAM. 


The DS1216 SmartWatch socket sandwiches 
between an EPROM and the printed circuit board 
and keeps perpetual time. 
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X-ray enlargement of 25 position HOLMBERG™ D-Subminiature connector 


A new and revealing look at 
HOLMBERG™ 0-subminiature connectors. 


Quality HOLMBERG™ connectors are now part of the 
Thomas & Betts product line. We show an X-ray view of one 
of the HOLMBERG™ D-subminiature connectors to 
emphasize that it’s what’s beneath the surface that makes the 
difference in a superior product. 

Breadth of product line 

• The HOLMBERG™ D-subminiature connector line has 
one of the widest available varieties of mountings and 
options — in both standard and high density 
configurations. 

Quality from the inside out 

• Full vertical integration assures top quality throughout the 
manufacturing process. 

• Extra-rigid and pointed solder tails provide for easier 
robotic or hand insertion. 

• 30 ju-in. selective gold plating in contact mating area is 
standard. 

• Optional snap latches provide positive hold-down. 


On time delivery 

• Factory and value-added centers provide fast turnaround 
and strict adherence to customer schedules. A perfect fit for 
today’s Just-In-Time (JIT) manufacturing requirements. 

The company behind the product 
The addition of HOLMBERG™ connector products further 
strengthens our position as a broad line supplier of connector 
products. A close look at our company will reveal our strong 
financial position, our commitment to the future, and our 
ability to support your needs worldwide. Write for our 
Annual Report — it’s like an X-ray of our company. 

To take a close look at the HOLMBERG™ connector line, and 
for the location of our nearest stocking distributor, call 

1-800-344-4744. 

Thomas & Betts Corporation, Electronics Division 
1001 Frontier Road, Bridgewater, NJ 08807,201-685-1600 


ThomasiBetts 
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1750A 


16/32-BIT CMOS 


AVAILABILITY: Now from Allied-Signal Microelectronics Center, LSI 
Logic, and United Technologies Microelectronics Center (UTMC). 

COST: Allied-Signal charges $760 (1000) for its part screened to 883C 
level B. The LSI Logic part costs $1334 (100) screened to 883C in a 
PGA; a Class S part in a PGA costs $4406 (100). The 883C part from 
UTMC, screened fully to Standard Military drawings (SMD), costs $659 
(100) for 12-MHz and $791 (100) for 16-MHz devices. For high-reliability 
and military-temperature screening only, the price is $555 (10 qty, 12 
MHz) and $666 (10 qty, 16 MHz). 

SECOND SOURCE: In negotiation. 

Description: MIL-STD-1750A defines instruction-set architecture for air¬ 
borne computers. The standard leaves implementation to discretion of 
chip vendors. Allows use and reuse of available software support. Radia¬ 
tion-hardened and 883C level-S versions of many 1750A implementations 
available. 

Status: Allied-Signal 40-MHz device has been in production for 3 years. 
A 50-MHz version will extend performance to 6.0 MIPS on the integer 
DAIS (Digital Avionics Instruction Set) mix and to 4.1 MIPS on full DAIS 
with floating-point unit. Allied-Signal MMU chip and LSI Logic’s 1750A 
processor also in production. UTMC’s unit is in full production as an 
883C product that conforms to the Defense Electronics Supply Center 
standard military drawing. UTMC offers the device to 10^ rad (Si) total- 
dose radiation hardness to meet data-sheet specifications. 


Allied-Signal Microelectronics Center 
9140 Old Annapolis Rd 
MD 108 

Columbia, MD 21045 

Phone (301)964-4047 

For more information, Circle No. 382 

LSI Logic 

1501 McCarthy Blvd 

Milpitas, CA 95035 

Phone (408) 433-7557 

FAX (408) 433-7447 

For more information. Circle No. 383 

United Technologies Microelectronics Center (UTMC) 

1575 Garden of the Gods Rd 

Colorado Springs, CO 80907 

Phone (800) 645-8862 

For more information. Circle No. 384 


HARDWARE- CHARACTERISTICS -software 



I— DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, multiply, divide, and compare. Logicals and shifts. The 
instructions also provide bit-manipulation capabilities such as set, reset, 
and test. Single- and double-precision fixed floating-point and extended 
floating-point formats. 

II— DATA-MOVEMENT INSTRUCTIONS 

Instructions let you move data from register to memory, memory to regis¬ 
ter, between registers, and to the stack. Loads and stores in all formats 
plus test and set-bit operations. 

III— PROGRAM-MANIPULATION INSTR 

Conditional and unconditional jumps and branches. Calls are also sup¬ 
ported. Stack management instructions suitable for high-level languages. 
Handles 16 levels of prioritized interrupts. 

IV— PROGRAM-STATUS-MANIP INSTR 

Emulation-mode status register accessible through I/O instructions. In¬ 
structions for accessing status, interrupt-mask, and fault registers. 

Specification summary: The Allied-Signal version is a single-chip im¬ 
plementation that includes timers, counters, a hardware multiply, and a 
floating-point unit. The LSI Logic L64500 1750A implementation has a 
16-bit CPU, expandable to 32 bits depending on the operation. The 
L64550 includes MMU with memory expansion to 1M words, block- 
protect unit, memory-fault status register, bus-arbitration unit with 6 bus 
masters, start-up ROM interface, I/O port, trigger-go counter, and other 
options. Marconi’s MAS281 is a radiation-hardened 3-chip silicon-on- 
sapphire (SOS) module. The MAS31750 is a single-chip SOS version. 

Hardware notes: 

Diagram is for the UTMC 1750AR. Functions as a stand-alone RISC 
processor providing 8 MIPS at 16 MHz. In the 1750A operation mode, a 
throughput of 750k IPS at 16 MHz is achieved using the DAIS mix. Basic 
jiP accepts 64k bytes of memory, expandable to 1M byte using an MMU. 


Representative 1750A microprocessors 


Part number 

Vendor 

Technology 

Price 

883C 

Price 
class S 

BX1750A 

Allied Signal 
Microelectronics 

CMOS 

$750 (100) 

— 

L64500 

LSI Logic 

CMOS 

$1334 (1000) 

$4406 (1000) 

MAS281 

Marconi 

CMOS/SOS 

$1600 (100) 

$8000 (20) 

MAS31750 

Marconi 

CMOS/SOS 

$2000 (100) 

$10,000 (20) 

1750AR 

United 

Technologies 

Microelectronics 

CMOS 

$659 (100) 

$1976- 
$3950 (100) 


- HARDWARE 

You can use an IBM PC with the software tools to provide interactive 
simulation and debugging of system configurations. 

Allied-Signal Microelectronics Center offers a development system for 
the A-S BX1750A that converts an IBM PC into a real-time, mappable 
monitor/debugger. An Ada source-level interface is under development. 
Tasco (Bellevue, WA) has an ICE pod for the HP 64000 development 
system. Call LSI Logic for contact phone numbers. 


SOFTWARE - 

Assemblers and compilers are available from several outside sources. 
Mikros Systems offers high-level debug software for its single-board 
computer/IBM PC system. 

UTMC offers a software package to aid in the development and debug¬ 
ging of system software and hardware. The software tool kit consists of 
a RISC or 1750 monitor, along with an interactive RISC simulator. 


SUPPORT 
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340X0 GRAPHICS fJiP FAMILY 


AVAILABILITY: Now for 34010 and 34020. The 34082 floating-point unit 
is sampling now and is scheduled to be available in volume in the first 
quarter of 1991. 

COST: The 34010 costs $23 (10k), the 34020 costs $89 (10k), and the 
34082 floating-point unit costs $175 for samples. 

SECOND SOURCE: Under active consideration. 

Description: This 32-bit CMOS jjlP family is optimized for graphics-display 
systems. Features built-in instruction cache and ability to simultaneously 
access memory and registers. In addition to regular jjlP instructions, it 
has specialized instructions for pixel manipulation. IG-byte address 
space is bit addressable on bit boundaries using variable-widtn data fields 
(1 to 32 bits). The 34010 has a multiplexed, external 16-blt address/data 
bus; the 34020 is a full 32-bit machine. The 34020 is upwardly object-code 
compatible with the 34010 and features additional graphics-specific in¬ 
structions. 


32-BIT CMOS 


Texas instruments Inc 

MOS Microcomputers 

Box 1443, MS736 

Houston, TX 77001 

Phone (713) 274-2340 

For more information, Circle No. 385 

Status: Despite this p.P family’s specialized slant toward CRT graphics, 
it does have a general-purpose Von Neumann architecture and instruction 
set. Also, some of its attributes can be equally applied to other, nongra¬ 
phics applications. In particular, the p,P can do rapid bit manipulation of 
a large local address field..A number of IBM PC-based board-level prod¬ 
ucts incorporate this part. X-Window terminals are an example of an 
application in which this family’s graphics and general-purpose capabili¬ 
ties are utilized. One nongraphic area users are exploring is industrial 
control. In this area, the 340X0’s bit manipulation and low cost relative 
to other 32-bit ^iPs are attractive, according to Tl (even for consumer- 
oriented uses such as arcade games). 


HARDWARE- CHARACTERISTICS -software 



Hardware notes: 

1. Diagram represents 34010. 

2. Added graphics features are embodied in the second 16 x 32-bit regis¬ 
ter file and among 28 16-bit I/O control registers. They allow programma¬ 
ble pixel and pixel-array processing for both monochrome and color 
systems of variable pixel sizes. Hardware incorporates 2-operand raster 
operations with Boolean and arithmetic operations, x-y addressing, win¬ 
dow clipping, window pick operations, 1- to n-bit/pixel transforms, trans¬ 
parency, and plane masking. 


I— DATA-MANIPULATION INSTRUCTIONS 

General-purpose ^IP instructions: add and subtract, multiply and divide, 
rotate and shift, compare and logicals. 

Special graphics instructions: add, subtract, and comparisons relating 
to x-y coordinates. 

II— DATA-MOVEMENT INSTRUCTIONS 

General purpose: move byte, move field, move register. 

Special graphics instructions: move x half of register, move y half of 
register, pixel transfer, pixel block transfer. 

III— PROGRAM-MANIPULATION INSTR 

Call subroutine, conditional decrement and skip, push/pop, software 
interrupt, return from interrupt. 

IV— PROGRAM STATUS-MANIP INSTR 

Has 32-bit status register (not all bits used) that can be accessed and 
used for program-manipulation decisions. 

Specification summary: 32-bit general-purpose CMOS processor with 
added hardware and software features to support CRT raster graphics. 
Chip contains two 16 x 32-bit register files, hardware stack pointer, and 
256-byte instruction cache. One of the 16-word register files contains a 
stack pointer and 15 general-purpose registers (the equivalent of the 
general-purpose registers found in nonspecialized fiPs). Addressing 
modes of these registers are tuned to support high-level languages. 
Other register file is dedicated to CRT control as described in hardware 
note. Has 32-bit-wide address-data bus to support 1G byte of off-chip 
local memory space. Interfaces directly to dynamic RAMs and video 
RAMs (including dual-port RAMs). A microcoded local-memory controller 
supports pipelined memory write operations of variable-size fields that 
may be executed in parallel with ALU operations. Has separate 16-bit¬ 
wide data bus and associated control pins to interface with host p,P. 
Fabricated in 5V CMOS and packaged in 68-pin PLCC. The 34020 is 
compatible with the 34010, but provides a 512-byte cache and supports 
IM-bit video-RAM chips. 


HARDWARE - SUPPORT -SOFTWARE 


From Tl: TMS34010 software development board ($1495), which plugs 
into IBM PC or compatible. Used for evaluation, familiarization, and soft¬ 
ware development, and comes with user interface and debugger soft¬ 
ware. TMS34010 XDS/22 emulator box ($14,995) operates as a stand¬ 
alone unit with nonintelligent terminal or with IBM PC or compatible as 
host. The TMS34020 software development board and hardware emula¬ 
tor system provide the same development functions for the 34020. 

From others: Board-level and other hardware support now available from 
numerous sources. See Tl’s TMS 34010 3rd-Party Guide (call (800) 232- 
3200, ext 701, and ask for literature No. SPVB066C). 


From Tl: TMS34010 code-generation tools include assembler, linker, and 
compiler for IBM PC, VAX, Apollo, and Sun 3/4 ($1250 to $5000). Texas 
Instruments has developed TIGA-340, a standard software interface for 
the TMS340 family of graphics processors. Development tools for TIGA 
(Texas Instruments Graphics Architecture) include a $340 driver devel¬ 
oper’s kit, which helps software developers make existing software run 
on TIGA-compatible 34010 boards; a $1500 software developer’s kit for 
those who want to develop direct 34010 code or custom downloadable 
extensions to TIGA, includes a 34010 C compiler, an assembler, bit-map 
font and math/graphics source-code libraries; and a $15,000 software- 
porting kit for hardware developers to make 34010-based systems TIGA 
compatible. 

From others: See the Tl TMS 34010 3rd-Party Guide. 
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ADVERTISEMENT 


Hermaphroditic Connectors 

• Feature .050" centers 

• 50 Q impedance matched 
The special contact design on 
Meritec's new CP50 Hermaphroditic 
connectors eliminates the need for 
separate male and female connec¬ 
tors. The 50 Q impedance matched 
connectors feature .050" centers to 
maximize board real estate. Through 
hole, SMT and right angle config¬ 
urations are available in sizes from 
50 to 200 positions. 



High-Performance 
Interconnects 
That Terminate 
High Cost. 









Meritec has terminated the high cost 
ot high performance interconnects for fast 
logic applications. We produce a full line 
of coble assemblies for applications in the 
3ns to sub nanosecond range-engineered 
to match your requirements for con trolled 
impedance and propagation rate while 
minimizing crosstalk. \/\t deliver assemblies 
of unparalleled quality. On time. At a 
very reasonable price. 

Our complete line includes Single 
Signal Interconnects (SSr). Shielded 
Performance Interconnects (SPr) and 
Multi Signal Interconnects (MSr). 
terminated to a diversity of controlled 
Impedance cables, including coax, 
twin coax. PEP PIPE and our Pilatex^ 
textile coble. 

Call Meritec today at 216-35^-31^8 
for more information and a free copy of 
our capabilities brochure. 


SJJ^MERITEC 

Where quality assures perfonnuno ■ 


1359 West Jackson Street 
RO. Box 8003 
Painesville, Ohio ^^077 
216-35^-31^8 
FAX: 216-35^-0509 


• Quick turnaround 

• In-house production 
Complete vertical integration 
allows Meritec to provide fast turn¬ 
around on custom or semi-custom 
high performance connectors. Every 
step, from CAD/CAM engineering 
and tooling fabrication to proto¬ 
typing to the manufacture and as¬ 
sembly of component parts is per¬ 
formed in-house, using the most 
efficient processes available. An 
SPC Quality Assurance program 
ensures that all products shipped 
meet or exceed specifications. 

Mark No. 61 on Inquiry Card 


Low crosstalk Shielded 
Performance Interconnects 



• EMI/RFI shielded 

• Impedance controlled 
Meritec's economical new Shielded 
Performance Interconnects (SPFm) 
are ideal for fast logic, dense pack¬ 
age applications which require low- 
noise crosstalk and high impedance 
control. The assemblies are EMI/RFI 
shielded and impedance controlled 
to the PC board. Available in straight 
or right angle configurations, the 
assemblies mate with .025" square 
or round pins and are side-to-side 
and end-to-end stackable on a .100" 
X .100" grid. The connectors are 
terminated to high speed submin¬ 
iature braided shielded coax cable. 


Mark No. 62 on Inquiry Card 

















Eliminate 

Oscillation 

OP-160 High-Speed Op Amp - New from PMI 


PMI's new OP-160 gets your 
high-speed circuit designs working 
right the first time. 

Unlike other 
high-speed op 
amps, the OP-160 
is easy to use and 
can drive over 
lOOOpF without 
oscillating. 

The OP-160 has a 
very fast slew rate 
of ISOOV/ps and a 
unity-gain band¬ 
width of 90Mhz to 
meet the demands 
of your high-speed applications. 
Settling time is only 75ns to 8 bits, 
125ns to 12 bits. All of this perfor¬ 
mance requires only 6.5mA 


of supply current for cool, reliable 
operation in space-saving 8-pin 
DIP and SO-8 packages. 


|PM& 

□ ANALOG 
DEVICES 

Precision Monolithics 

A Division of Analog Devices 

1500 Space Park Drive 
Santa Clara, California 95054-3434 


And, the OP-160 is affordable- 
pricing starts at $4.50 (100 pc.). 
Plus, it's available in the extended 
industrial (-40°C to 
+85°C) and full 
military tempera¬ 
ture ranges. 

To receive your 
free data package 
on PMI's easy-to- 
use OP-160, includ¬ 
ing full SPICE 
model and applica¬ 
tions, call us at 800- 
843-1515 or FAX us 
at (408) 727-1550. 
Or, circle the reader service 
number below. 

If you require a dual high-speed 
amplifier, ask for PMI's OP-260. 




ALTAMONTE SPRINGS: (407) 831-8233, ATLANTA: (404) 263-7995, BOSTON: (508) 794-0026, CHICAGO: (708) 250-0808, DALLAS: (214) 690-3495, DENVER: (303) 792-9595 
DETROIT: (313) 930-2051, LOS ANGELES: (818) 886-6881, MILPITAS: (408) 263-9366, ORANGE COUNTY: (714) 637-9602, PHILADELPHIA: (215) 953-1070 
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68000 FAMILY 


AVAILABILITY: Now for 68000 to 12 MHz, 68HC000 to 16 MHz, 68HC001 
to 16 MHz, 68020 to 33 MHz, 68030 to 50 MHz, and 68040 at 25 MHz. 
COST: For lower-frequency devices in 1000 qty, prices range from $5.50 
for 68000 and $7.10 for 68HC00X to $47 for 68020 and $95 for 68030. 
Sample qty pricing for 68040 is $795. 

SECOND SOURCE: Hitachi, SGS-Thomson, and Signetics/Philips all li¬ 
censed with mask interchange for 16-bit parts. No second sources for 
68020, 68030, or 68040. 

CORE: Motorola is using core with a mix of peripheral functions and glue 
logic in its 68300 family for embedded control. Signetics/Philips has the 
68000 core in its ASIC library. 

Description: 68000 architecture combines flexible 32-bit register set and 
large linear address space with powerful instruction set and flexible ad¬ 
dressing modes. The 68040 is a full 68000-compatible p,P containing an 
integer unit, floating-point unit (FPU), MMU, and instruction and data 
caches. The 680x0 family will get a boost from its 68300 derivatives in 
embedded control. 68300 family based on 68000 core and Is software 
compatible. 


8/32-BIT, 16/32-BIT, 32/32-BIT 
NMOS AND CMOS 

Motorola Microprocessor Products Group 

6501 William Cannon Dr W 

Austin, TX 78735 

Phone (512) 891-2000 

For more information, Circle No. 386 

Status: The success of the 68000 family is largely due to the Apple 
Macintosh II and the family’s popularity in Unix-based workstations. The 
H8/532 Is the other microprocessor in the legal battle that involves Mo¬ 
torola’s 68030. 


HARDWARE- CHARACTERISTICS -software 



Hardware notes: 

1. Diagram of basic 16-bit 68000. Family offers growth path from 8-to 
16- to 32-bit jjlPs. Performance results from multiple ALUs, 32-bit Internal 
operation, and nonmultiplexed address and data buses. 

2. Bottom-of-the-llne 68008 has only 8-bit data bus and 20- or 22-blt 
address bus. 68010 is similar to 68000 but supports virtual memory. 
68010 has 24-bit address bus. 68020 and 68030 are 32 bits throughout, 
including ALU and address and data paths. Both have instruction caches, 
and the 68030 also has a data cache and MMU. The 68040 adds an 
IEEE 754-compatlble FPU. 

3. Signetics/Philips 68070 includes 68000 CPU, two DMA channels, 
counter/timers, and an 1C bus interface. 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic, including multiply and divide (signed and unsigned). 

Logicals, rotates, and shifts. 

Can handle bits, BCD nibbles, bytes, short (16 bits) and long (32 bits) 
words. 

Floating-point coprocessors 68881/2 available. 

ll~DATA-MOVEMENT INSTRUCTIONS 

Five basic address modes are register direct, register indirect, immediate, 
absolute, and program-counter relative. Postincrementing, predecre¬ 
menting, offsetting, and indexing can be added to these models. 

Can use eight 32-bit address registers as indexes or stack pointers. The 
eight 32-bit data registers can also serve as indexes. 

III— PROGRAM-MANIPULATION INSTR 

Branch and jump to subroutine. Branch conditionally. 

Link and unlink instructions invoking one address register as frame 
pointer (used to establish temporary local environments in structured 
programming). 

Seven levels of priority interrupts, including nonmaskable, with 256 possi¬ 
ble interrupt vectors. 

IV— PROGRAM-STATUS-MANIP INSTR 
16-bit status register is software accessible. 

Sophisticated trap operations help user debug programs. 

Trace mode. 

V— SYSTEM-CONTROL INSTRUCTIONS 

Privileged instructions for operating systems and multiprocessor 
communication. 

Specification summary: 68040 is the newest and highest-performance 
68000 family member. This device is a 32-bit CMOS virtual-memory p,P 
with multiple concurrent execution units. You can access the 4-way set- 
associative 4k-byte instruction and data caches simultaneously. The 
caches are organized in 64 sets of four 16-byte lines. The autonomous 
nature of the caches allows Instruction-stream fetches, data-stream ac¬ 
cess, and third external access to occur during instruction execution. 
The 68040’s parallelism allows multiple instructions that don’t require 
external accesses to execute concurrently while the processor executes 
an external access for a previous instruction. The 68040 provides multi¬ 
master and multiprocessor support. Additionally, the processor can 
snoop the external bus during accesses by other bus masters to maintain 
coherency between the 68040 caches and external memory systems. 
HDS-300 hardware/software development station ($15,000 to $20,000) 
provides real-time emulation of 68000-family |xPs with bus-state-analyzer 
support and source-level debugging. MEX68KECB educational computer 
board is based on 68000. VM04 is a 68020-based 32-blt Versamodule 
interconnected within a target system using the 32-bit, asynchronous, 
Versabus interconnect standard. VME130 Is a 68020-based, 32-bit 
VMEbus module using Eurocard mechanical format. 


HARDWARE - SUPPORT -SOFTWARE 


From third parties: Family widely supported by makers of universal jjiP 
development systems. Also, VMEbus system architecture is used in a 
range of applications with more than 150 independent suppliers of com¬ 
patible products. 

VersaDOS real-time operating system, system V/68 OS, CP/M-68K OS, 
concurrent DOS-68K OS, and VRTX real-time OS ($6775 from Hunter 
Systems). Unix support from Motorola includes direct ports of Unix Sys¬ 
tem V. X assembler for Exormax and VME/10, X-C compiler VME/10, 
and Exormax for VAX/780 available. 


From third parties: Supplier has catalog listing outside support for family. 
New type of support software lets 68000 run MS-DOS (8086) programs 
using emulation from Phoenix (Norwood, MA) and Insignia (London, UK; 
offices in San Francisco) or by using binary translation from Hunter Sys¬ 
tems (Palo Alto, CA). 
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SERIES 32000 


AVAILABILITY: Now. 

C05T: $11.50 to $600 (1000) (see table). 

SECOND SOURCE: None. 

CORE: National Semiconductor is using the 32000 as the basis for its 
application-specific embedded processors. 

Description: A 32-bit jjlP family in which various models feature different¬ 
sized address and data buses. The 32-bit core processor is highly sym¬ 
metric; that is, its instructions and addressing apply regularly to all regis¬ 
ters, which supplier claims makes high-level-language compilers easier 
to write. It also has reputation for needing less memory space for pro¬ 
grams. Some models offer instructions to support graphics and DSP. A 
slave processor interface lets you expand the CPU’s capabilities. 


8/32-BIT, 16/32-BIT, 32/32-BIT 
NMOS AND CMOS 

National Semiconductor Corp 

2900 Semiconductor Dr 

Santa Clara, CA 95051 

Phone (408) 721-5000 

For more information, Circle No. 387 

Status: The vendor recently introduced three family members: the 
NS32GX320, NS32FX16, and NS32CG160. Hardware and software inte¬ 
gration techniques suit these processors for embedded applications such 
as page printers, facsimile machines, and multifunction office peripherals. 


HARDWARE- CHARACTERISTICS -software 



I— DATA-MANIPULATION INSTRUCTIONS 

All instructions operate on either 8-, 16-, or 32-bit data and can be ac¬ 
cessed by any appropriate addressing mode. Multiply and divide, BCD 
arithmetic, logicals, and bit manipulation throughout memory space and 
CPU registers. 

II— DATA-MOVEMENT INSTRUCTIONS 

Intelligent string operations and bit-field handling allow efficient move¬ 
ments. 

III— PROGRAM-MANIPULATION INSTR 

Stack- and frame-pointer instructions suitable for high-level languages 
(including Polish notation). Modular software support via special CPU 
hardware (Mod register) and tables automatically implemented for indirect 
addressing of position-independent ROMs, etc. Array instructions. 

IV— PROGRAM-STATUS-MANIP INSTR 

Status registers in slave processors and MMU as well as in CPU, with 
both privileged and user access. 

V— APPLICATION-SPECIFIC INSTRUCTIONS 
Graphics and digital signal processing. 

Specification summary: 32-bit, “maxi-mini”-type pipelined architecture. 
Uniform addressing of as many as 4G memory locations. Instruction set 
chosen to match operations needed by high-level-language compilers. 
All instructions can symmetrically apply to all data types (8, 16, and 32 
bits, etc) and all register and memory locations. Performance of family 
ranges from % to 10 MIPS (sustained). 


Hardware notes: 

1. Dashed lines in diagram indicate optional modules for the 32000 family. 

2. Floating-point chips (32081, 32181, and 32381) are examples of slave- 
type processors that vendor uses to extend CPU. These processors will 
be integrated on CPU when VLSI processing technology permits; they 
are transparent to programmer and recognize op codes not used by CPU. 

3. Also available is the NS32580 that interfaces the CPU to the Weitek 
WTL3164 floating-point data path. 


Series 32000/EP family chips 


Device 

DSP 

features 

BitbIt 

support 

On-chip 

peripherals 

Buses 

On-chip 

caches 

Memory 

manage¬ 

ment 

Clock 

rates 

(MHz) 

Price 

(1000) 

32FX16 

DSP 

Microcode 

DMA 

24ADDRS 

None 

No 

15 

$23.20 


accelerator 



16 data 



20 

$33.60 





multiplexed 



25 

$40.80 

32CG160 

Multiplier 

Microcode 

DMA 

24 ADDRs 

None 

No 

15 

$38.90 



and 

interrupt 

16 data 



20 

$40.70 



hardware 

timers 

multiplexed 



25 

$48.40 

32GX320 

Multiplier 

None 

DMA 

32 ADDRs 

Instruction 

No 

20 

$135.70 


DSP instr 


interrupt 

32 data 

and data 


25 

$155.25 




timers 




30 

$224.25 

32GX32 

None 

None 

None 

32 ADDRs 

Instruction 

No 

20 

$105.80 





32 data 

and data 


25 

$120.90 








30 

$197.20 

32CG16 

None 

Microcode 

None 

24 ADDRs 

None 

No 

10 

$11.50 





16 data 



15 

$21.70 





multiplexed 





32532 

None 

None 

None 

32 ADDRs 

Instruction 

Yes 

20 

$465.00 





32 data 

and data 


25 

$535.00 








30 

$600.00 


HARDWARE - SUPPORT -SOFTWARE 


From National: SYS32/20 converts IBM PC/AT into a Series 32000/EP 
development tool (from $3500). Development/evaluation boards are also 
available for each of the processors. 

From others: ISE support for all the Series 32000/EP processors is 
available from Hewlett-Packard. Various vendors also offer turn-key solu¬ 
tions and/or design support for National Semiconductor’s processors. 
Contact Series 32000/EP Marketing for details. 


From National: GNX (Genix Native and Cross) development-tools soft¬ 
ware includes assembler package and choice of C, Pascal, or Fortran 
compilers available for native (Sys32/50) and cross-development environ¬ 
ments. Software that enables the 32FX16 and 32GX320 to operate as 
either a FAX modem or data modem is also available. 

From others: Various Postscript and Postscript-compatible language 
interpreters, as well as related software support (fonts, PCL, etc) are 
available for laser-printer-controller designs. DOS-based development 
tools are available from Introl. 
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ALMAC 

411 Bell 
^ Industries 


BRILL 

CARinZN 

CHELSEA 

ELECTRONIC 




WeLBCrGOMCS 




Hamiltoni^^et 


HmEIL 




IHV\V^>«= 


NEWARK 

ELECTRONICS 


lohm/electronics 


53 Pioneer 


Pioneer 

e • J Techunologies 
■ J Group 




Which surface mount trimmer is right for your job? 


To be sure, you need working samples. Complete specifications. Appli¬ 
cation details. So Bourns Trimpot makes it easy with its new Surface 
Mount Trimmer Design Kit. 

Everything you need to prototype and test is in one place. Pick from 
over 200 surface mount trimmers in the most popular sizes, styles and 
resistance values. Check the specs. Verify the soldering process. All with 
one convenient kit.. . the industry's first. 

Order your kit today from your Bourns distributor. It's the right choice. 




Schweber 
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Bourns Surface Mount 
Trimmer Design Kit 
Available From These Distributors 

COPYRIGHT© 1990, BOURNS. INC.7/90 


-Send Me My Free- 

Surface Mount Design Kit Brochure 


City:_ State:_ Zip:. 

Send to: Bourns, Inc., M/S ADV, 

1200 Columbia Ave., Riverside, CA 92507 

Bourns, Inc., 1200 Columbia Avenue, Riverside, CA 92507; (714) 781-5500; 

European Headquarters: Zugerstrasse 74, 6340 Baar, Switzerland: 042-333333; 

Benelux: 070-3874400; France: 01-40033604; Germany: 0711-22930; Ireland: 021-357001; United Kingdom: 0276-692392; 

Asia Pacific Headquarters: 510 Thomson Road, Unit 09-01A SLF Building, Singapore 1130; (65) 353 4118; Hong Kong: (852) 5702171; 
Korea: (82) 2-556-3619; Japan Headquarters: Nichibei Time 24 Building, 35 Tansu-Cho, Shinjuku-Ku, Tokyo, 162, Japan: (81) 3-260-1411 


BOURNS TRIMPOT 
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Experience and expertise that provide solid footing now, 
and a clear vision for the future. That’s EDI. 

Our commitment to Megabit Density SRAM Tech¬ 
nology is continuously bringing high performance system 
designers uncompromising reliability and speeds as fast as any 
on the market today. And we can deliver them in a variety of package 

styles to accommodate your highest density requirements. 

Innovation manufactured under the strictest quality control 
JncIudingMIL.-STD.-883 Para. 1.2.1 standards. 

And for tomorrow.? EDI is the company to watch. For 
a sneak preview of the new 1991 products call or write for 
our 1991 Data Book. 
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ELECTRONIC DESIGNS INC. 

Committed to Memory. 

Electronic Designs Incorporated: Corporate Headquarters: 42 South Street, Hopkinton, MA 01748 USA 508-435-2341, FAX: 508-4356302 
Electronic Designs Europe Ltd.: Shelley House, The Avenue, Lightwater, Surrey GU18 5RF United Kingdom, 0276 72637, FAX: 0276 73748 
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VL 86C0X0 ARM 


AVAILABILITY: Now for 86C010 and 86C020. VL86C050 I/O processor 
samples available now. 

COST: $39 (100) for 86C010: $125 (100) for 86C020. 86C050 samples in 
PQFP $80. 

SECOND SOURCE: Sanyo Semiconductor Ltd sources the 86C010. 
CORE: Part of VLSI’s cell library. (Was designed by customer Acorn 
Computers using VLSI’s semicustom tools.) 

Description: ARM stands for Acorn-RISC machine. The VL86C020 is 
software compatible with the -010. The second-generation chip includes 
a 4k-byte unified instruction and data cache on chip. The cache uses 
64-way set-associative replacement with random replacement to provide 
a 93% hit rate. Current devices operate at 30 MHz with 35-MHz operation 
available by year end as the \lP migrates into a 1.0-jxm process technol¬ 
ogy. Low power consumption of 0.5W suggests the part for embedded- 
controller applications. 


32-BIT CMOS 


VLSI Technology Inc 

8375 S River Pkwy 

Tempe, AZ 85284 

Phone (602) 752-8574 

For more information, Circle No. 388 


Status: The company supplies evaluation boards, assemblers, and C 
compilers directly. The architecture of the chip is targeted at the embed¬ 
ded-controller market and provides performance similar to most compet¬ 
ing RISC processors at lower cost. VLSI’s goal is to sell the VL86C020 
for less than $60 in high-volume production. The cost of the cache mem¬ 
ory is included in the processor price. Cost is kept low because of small 
die size (approximately 280 mils square in a 1.0-}xm process) and 160-pin 
plastic quad flatpack packaging. A dedicated coprocessor bus necessi¬ 
tates the high pin count. The 86C020 has found application in laser 
printers, network controllers, disk controllers, and graphics subsystems. 


HARDWARE- CHARACTERISTICS -software 



EXTERNAL BUSES 


I— DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, logicals, and comparisons. Bit clear. Shifts (barrel shifter 
with ALU). 

II— DATA-MOVEMENT INSTRUCTIONS 

Most data movements are by register-to-register instructions with option 
for multiple-register addressing. Only load and store operations to mem¬ 
ory (typical of RISC). The VL86C010 includes a semaphore operation to 
support multiprocessing applications. 

III— PROGRAM-MANIPULATION INSTR 

Skip-type decision instructions (though old-fashioned, this simple ap¬ 
proach can give fastest response in some cases). Branch instruction has 
option where combined PC and status register are copied in R14 data 
register for quick, simple return. 

IV— PROGRAM-STATUS-MANIP INSTR 

Usual status bits are combined with PC and mode-control bits in a 32-bit- 
long register. This combination allows all three elements to be saved in 
one felrswoop. 


Specification summary: 32-bit CMOS Von Neumann (common memory) 
|xP with RISC-style architecture. Has simple ALU with associated barrel 
shifter and set of 32 registers on CPU p.P chip, 16 of which are accessible 
to programmer. Has some features expected in a large-memory-space 
machine; instructions and controls to handle virtual memory and caching. 
32-bit external data bus and 26-bit external address bus allow linear 
addressing for external 64M-byte memory space (can be addressed on 
8-bit-byte or 32-bit-word basis). Only simple load and store instructions 
for external memory. 10- to 12-MHz, 2-phase clock gives 4- to 5-MIPS 
sustained performance with 10 to 12 MIPS max. Interrupt latency is 2.75 
fjLsec max. No provisions for separate I/O addressing, so I/O must be 
memory mapped. Fabricated in 2-p,m CMOS; chip is 230 mils on side. 0 
to 70°C temperature range. Packaged in 88-pin JEDEC Type-B leadless 
ceramic chip carrier and plastic leadless chip carrier. 


Hardware notes: Software notes: 

1. In addition to the 86C010 jiP, VLSI has an associated set of chips for 1. Only 44 instructions, in keeping with the literal RISC concept, 

memory (86C110), video (86C310), and I/O (86V410). For floating-point 2. Simple RISC instructions are said to ease the task of writing efficient 

math, VLSI suggests one of the commercially available coprocessors. high-level-language compilers. 

2. Note the 27 registers. This number is less than on some RISC ma- 3. User and supervisory modes; supervisory mode entered by software 

chines, but the registers do overlap, as is common in RISC, to speed interrupt. 

interrupt service (overlapping gives automatic saving of data). Thus, a 
programmer sees 16 registers at most, and of these, 15 are general 
purpose. 

3. Some provisions for memory management, including cache and virtual 
memory through abort-signal, mode-control bits. 


- HARDWARE 

VLSI says that much of the hardware support comes from Acorn, such 
as a PC-form-factor board ($2500) for software development. (Note: VLSI 
will probably bias its support toward the ASIC approach, in which the 
ARM |jlP will be considered a core around which the customer will be 
encouraged to apply “application-specific” I/O, memory, etc. Thus, 
VLSI’s ASIC design tools might be considered part of the hardware 
support.) 


SOFTWARE - 

VLSI indicates that most of the software support comes from Acorn, 
such as an assembler for the ARM’s instruction set, a Basic interpreter, 
and compilers for popular high-level languages (C and Fortran-77). Com¬ 
pilers for artificial-intelligence languages (Cambridge Lisp and Prolog) 
are also available. Typical pricing for software packages is $500. 
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80386 


32-BIT CMOS 


AVAILABILITY: 16-, 20-, 25-, and 33-MHz versions in production (at four 
locations). 80386SX, 80376 samples available now. 

COST: In 1000 qty, $185 for 16-MHz 80386, $185 for 20-MHz 80386, 
$185 for 25-MHz 80386, $238 for 33-MHz 80386, $64 for 16-MHz 
80386SX, and $112.50 for 20-MHz 80386SX. Low-power 16-MHz ($81) 
and 20-MHz 80386SX ($122.50) also available. 

SECOND SOURCE: None. 

Description: The 32-bit 386 family of |xPs is compatible with the 8086 
and 80286 families. Included are address-translation registers and a 32-bit 
address bus for as many as 4G bytes of physical memory and 64T bytes 
of virtual memory (the SX and 376 processors have only a 24-bit address 
bus). Runs DOS, Windows, OS/2, Unix, iRMX, and iRMK. Virtual 8086 
mode allows direct execution of 8086 software under new 32-bit operating 
systems. The 386SX permits the manufacture of less expensive systems 
with full 386 software capability. 


Intel Corp 

3065 Bowers Ave 

Santa Clara, CA 95051 

Phone (408) 987-8080 

For more information, Circle No. 389 


Status: All indications point to the 80386 remaining the dominant 32-bit 
fiP, certainly for the next five years. The 386 is the sole |xP carrying the 
IBM PC momentum into the 32-bit world. Not satisfied that it owns the 
MS-DOS and OS/2 world, Intel is now aggressively after the Unix world 
and is in production with the 80376—a version of the 386 aimed at the 
embedded-controller world. Intel also offers the 80386SX, a version of 
the 386 that supplies a 16-bit data bus and a 24-bit address bus in 
standard and low-power versions. 


HARDWARE- CHARACTERISTICS -software 
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Hardware notes: 

1. No on-chip cache, but 33-MHz 82385 cache controller ($82 (Ik)) and 
82395DX 16k-bit cache ($109 (Ik)) can implement a cache. 

2. On-chip MMU chip said to allow for memory management with no 
penalty in bus bandwidth (if off chip, supplier says, an extra cycle would 
be needed). Allows choices of segmentation or paging singly or in 
combination for multiuser protection and for virtual memory. 

3. The 80386 has its own math coprocessor, the 80387, which costs 
$497 for 33 MHz, $406.85 for 25 MHz (1000). 

4. Along with the 80387 and 82385, the 80386 can use the 82380 32-bit 
peripheral combination chip that incorporates DMA and interrupt support 
and interval timers, etc. 

5. The 80376 is compatible with the 386 programming model, but cannot 
run 8086 or real-mode programs. The chip has a 16-bit external bus. 


I— DATA-MANIPULATION INSTRUCTIONS 

Bit manipulation and bit-string manipulation (aided by 64-bit barrel shifter). 
Conversion between bytes, words, and double words. 

Arithmetic, including 16- and 32-bit operands and 32-bit signed and un¬ 
signed multiply and divide. 

(80387 math coprocessor has full IEEE-754 instructions, including all 
transcendentals.) 

II— DATA-MOVEMENT INSTRUCTIONS 

String moves and gang push and gang pop of all registers. 

Instructions to insert and extract bit strings (additional addressing modes 
for existing instructions allow more flexibility in assignment of registers). 

III— PROGRAM-MANIPULATION INSTR 
Repeat instructions based on flags. 

Enter and leave procedure instructions, conditional or unconditional 
branch to anywhere in 4G-byte memory space. 

IV— PROGRAM-STATUS-MANIP INSTR 

Flag instructions mostly same as on 8086 (contains four debug registers, 
allowing breakpoints on data or code accesses, even when in ROM). 

V— HLL AND OS INSTRUCTIONS 
Instructions for checking array bounds. 

Segment assignment instructions. 

Load and store descriptor tables for protection (processor context switch 
via one instruction). 


Specification summary: A more or less standard, “classical” 32-bit mini¬ 
computer architecture that has a basic register set similar to the previous 
16-bit members of 8086 family so that it can directly run their machine 
code. It has added features that make it more general and suited to 
larger 32-bit environments: data-manipulation instructions that can be 
applied to almost any register, high-level-language-oriented instructions, 
operating-system-oriented instructions, and on-chip MMU. Fabricated in 
1.5-p.m CMOS (supplier calls it CHMOS-III), the chip is expected to con¬ 
sume no more than 400 mA at 32-MHz external clock (16 MHz internal). 
Packaged in 132-lead ceramic PGA. 

Software notes: 

1. Only those instructions beyond basic 8086 instructions described. 

2. 80386 said to be object-code compatible with previous members of 
8086 family and can run their operating systems. There is a “virtual 
8086” mode in which 8086 (and 8088) code can be run within the pro¬ 
tected 386 environment. 


- HARDWARE 

ICE-38625D in-circuit emulator ($22,495) supports 386DX |xP to 25 MHz; 
ICE38633D ($33,000) supports to 33 MHz. ICE386SX in-circuit emulator 
($22,500) supports 386SX to 20 MHz. ICE376D in-circuit emulator 
($18,495) supports 376 to 16 MHz. All Intel ICE in-circuit emulators for 
the 386 family operate on a common emulator base. They provide control 
and display software with a common Intel windowed user interface with 
drop-down menus and source-code display hosted on DOS on PC and 
PS/2 systems. The iPAT Performance Analysis Tool provides real- and 
protected-mode software analysis with high-level access to target-system 
performance analysis and test-case coverage in real time for target sys¬ 
tems based on the 386 family at clock speeds to 20 MHz. An iPAT-386 
probe supports the 386DX VP- You can also interface the iPAT-386 to 
the probes of ICE in-circuit emulators for the 386DX, SX, and 376 p,Ps. 
Various Multibus I and II single-board computers are also available from 
Intel and other vendors for the 386DX p-P. 


SOFTWARE - 

From Intel: ASM-386 macroassembler ($600), RLL-386 binder and system 
software builder utilities ($600), and the MON-386 serially hosted debug 
monitor ($995). The C-386, Fortran-386, and PL/M-386 compilers (each 
$900) support 386 |xP family protected-mode software cross development 
on DOS hosts. VAX/VMS kit support including ASM, RLL, compilers of 
choice, and VMS DB-386 incorporating a 386 system software simulator 
is also available on MicroVAX ($14,000) and VAX ($18,000) systems for 
cross development. 

From others: Rapidly growing third-party support. Most important are 
MS-DOS and forthcoming OS/2 from Microsoft (Bellevue, WA). (There 
are variations in DOS such as Concurrent DOS by Digital Research (Mon¬ 
terey, CA).) Unix V from AT&T (Morristown, NJ) and Zenix from Microsoft 
also available. Real-time executives offered by Ready Systems (Palo Alto, 
CA), JMI Software (Spring House, PA), and others. In addition, there are 
dual combinations of operating systems such as Unix-DOS, CTOS-DOS, 
and DOS-DOS. 

Note: Some software depends on 386 mode. 
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In the Battle Against Interference, 
TDK Is Your Best Defense. 


TDK EMC Technology Provides Dependable Suppression of EMI/RFI. 


As the activities of today’s electronics industry 
advance further into the realms of digitalization and 
high frequency, EMI and RFI become more crucial 
than ever. 

TDK has developed a full line of components to help 
your products overcome EMI and RFI. This can be 


accomplished only through extensive research into 
magnetic and dielectric materials using the most advanced 
electronic technology. And each one of these components 
demonstrates TDK quality and reliability. 

No matter what your product, look to TDK for the 
solution to all your EMI and RFI troubles. 
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Radio Wave Absorbents 


TDK Electromagnetic Compatibility Technology—At Your Service! 

CEL, TDK’s Component Engineering Laboratory in Torrance. CA, can custom design and test manufacture 
TDK EMI/RFI suppression components to meet your specific requirements. For more information, call (213) 530-9397. 

TDK CORPORATION OF AMERICA HEAD OFFICE 1600 Feehanville Drive, Mount Prospect, IL 60056, U.S.A. Phone: (7081 803-6100 CHICAGO REGIONAL OFFICE Phone: (708) 803-6100 INDIANAPOLIS 
REGIONAL OFFICE Phone: (317) 872-0370 NEW YORK REGIONAL OFFICE Phone: (516) 625-0151 LOS ANGELES REGIONAL OFFICE Phone: (213) 539-6631 DETROIT DISTRICT OFFICE Phone: 
(313) 462-1210 NEW JERSEY DISTRICT OFFICE Phone: (201) 736-0023 BOSTON DISTRICT OFFICE Phone: (508) 624-4262 HUNTSVILLE DISTRICT OFFICE Phone: (205) 464-0222 GREENSBORO 
DISTRICT OFFICE Phone: (919) 292-0012 DALLAS DISTRICT OFFICE Phone: (214) 506-9800 SAN FRANCISCO DISTRICT OFFICE Phone: (408) 437-9585 TDK CORPORATION. TOKYO, JAPAN. 

CIRCLE NO. 133 



























WhenQualiVCoufts 

Analyze, Monitor, and Control Your Processes With GenRad's 
Statistical Process Control (SPC) Software. 


To achieve total quality control throughout your 
company, you need tools that will help you identify 
and analyze quality related problems. GenRad's 
Parameter Manager Plus™(pmPHJS) software, 
designed for ease-of-use, flexibility, and speed, 
enhances your commitment to quality. Our 
program's unmatched control charting capabilities 
allow you to correct a process before it becomes a 
problem. 

Parameter Manager Plus is the first choice of 
professionals running SPC applications on the 
Macintosh®. The program provides instant 
technical analysis and allows you to generate 
control charts of complex data with a click of the 
mouse. 

Parameter Manager Plus makes the most of the 
Mac's graphical interface and ease-of-use. It can , 
enhance productivity with powerful analysis 
features, unparalleled speed, and the ability to 
acquire data from almost any source. To discuss 
the many ways Parameter Manager Plus can help 
you with your SPC needs, call us today at 
1-800-4-GENRAD. 

The unique time-based database in pmPLUS allows the 
user to quickly generate control charts and identify 
unnatural process variation. 
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IGenRad 


The difference in software 
is the difference in test. 


GenRad, Inc., 510 Cottonwood Drive. Milpitas. CA 95035-7499 (408) 432-1000 

GR and GenRad are registered tradeniarks of GenRad, Inc. Parameter Manager Plus is a 
trademark of GenRad. Macintosh is a registered trademark of Apple Computer, Inc. 
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80486 


32-BiT CMOS 


AVAILABILITY: 25- and 33-MHz versions now in production. 

COST: In 1000 qty, $760 (25 MHz) and $1003 (33 MHz). 

SECOND SOURCE: None. 

Description: The i486 CPU comprises an enhanced 80386 CPU, an en¬ 
hanced 80387 math coprocessor, an 82385 cache controller, an 8k-byte 
combined code and data cache, and a paging and memory-management 
unit. The i486 is binary compatible with 386/387 processor software but 
is 2 to 4 X faster because of enhanced execution pipelining and higher 
integration. The i486 CPU adds several new instructions that support 
caches and multiprocessor operating systems. A byte-swap instruction 
allows the i486 CPU to read data in either big- or little-endian format. A 
burst bus allows the i486 to fill the on-chip cache with 16 bytes of data 
in five clock cycles. 


Intel Corp 

3065 Bowers Ave 

Santa Clara, CA 95051 

Phone (408) 987-8080 

For more information, Circle No. 390 


Status: 25-MHz version has been in production since late last year; the 
33-MHz version went into production in May of this year. Many servers 
and multiprocessing systems—in addition to the expected traditional 
desktop personal computers—are based on the i486 CPU. The company 
expects to increase performance by offering the chip at higher operating 
frequencies. 


HARDWARE- CHARACTERISTICS -software 



I— DATA-MANIPULATION INSTRUCTIONS 

Byte swap for converting between little- and big-endian data. Compare 
and exchange instruction. Exchange and add instruction. Floating-point 
instruction set from 387 math coprocessor added to i486 CPU 

II— DATA-MOVEMENT INSTRUCTIONS 
Information not provided by manufacturer. 

III— PROGRAM-MANIPULATION INSTR 
Information not provided by manufacturer. 

IV— PROGRAM-STATUS-MANIP INSTR 
Information not provided by manufacturer. 

V— HLL AND OS INSTRUCTIONS 

Instructions for flushing and invalidating the caches. 


Specification summary: A standard 32-bit architecture containing the 
same register set as its predecessor, the 386DX CPU. The 486 adds a 
small cache and floating-point processor as well as the instructions and 
control bits to support these features. The part is fabricated using a 1-|xm 
process and consumes less than 700 mA at 25 MHz. The \lP Is packaged 
in a 168-pin ceramic PGA. 


Hardware notes: 

1.8k-byte unified instruction and data cache is located on chip. The cache 
lets the CPU read 16 bytes of code into the prefetch queue in one clock. 
A cache hit rate of better than 90%, for most applications, greatly reduces 
memory bus utilization for memory reads and improves system perform¬ 
ance. 

2. The Turbocache486 module ($299 for 64k-byte version and $399 for 
128k-byte version at 33 MHz in 1000 qty; 25 MHz also available) is a 
complete second-level write-through cache controller and SRAM. The 
module contains the 82485 cache controller ($89 (25 MHz) and $99 (33 
MHz) in 1000 qty). The module’s look-aside design lets you add the 
module as an option much as the 387 was an option to 386 systems. 

3. An on-chip MMU allows memory management identical to the 386DX 
CPU. The MMU allows segmentation, paging, or a combination of both 
for multiuser protection and for virtual memory. 


HARDWARE - SUPPORT -SOFTWARE 


ICE48633D In-circuit emulator ($49,000) supports the 486 p,P to 33 MHz 
with real-time execution control over prototype 486-based systems. 
ICD48625D in-circuit debugger ($9500) is a hardware-assisted real-time 
debug monitor supporting 486 p.P to 25 MHz. ICD48625D supports execu¬ 
tion breakpoints. Including cached breaks, control of 486 jiP execution, 
and access to registers and system memory. A standard logic-analyzer 
Interface supports cross triggering between ICD486 and a high-speed 
logic analyzer. The ICD48625D in-circuit debugger is hosted on DOS 
PC and PS/2 systems. Host software uses the common Intel windowed 
interface model with drop-down menus and source-code display. 


From Intel: Intel’s i486 assembler, compilers, system utilities, and soft¬ 
ware debuggers are intended for computer-system software development 
requiring access to the full native-mode architecture models of the 486 
jxP. ASM macroassembler ($600); RLL binder and system-software- 
builder utilities ($600); and C, Fortran, and PL/M compilers (each $900) 
support 486-family protected-mode software cross development by gen¬ 
erating 486 instructions In code developed on DOS hosts. Language kits 
($4500) including ASM, RLL, a compiler of choice, and the DB debugger 
are also available. VAX/VMS kit support including ASM, RLL, and a 
compiler of choice is available on MicroVAX ($14,000) and VAX ($18,000) 
systems for cross development. 
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CLIPPER 


32-BIT CMOS 


AVAILABILITY: Now for 25- and 33-MHz C200 chip sets and modules, 
the 211 CPU/FPU, 40- and 50-MHz C300 chipsets and modules, and the 
C311 CPU/FPU. The 40-MHz C4 will sample late this year. 

COST: All 1000 qty: At 33 MHz, the C211 CPU/FPU costs $69, the C200 
chip set costs $229, and the C200 module costs $424. At 40 MHz, the 
C311 costs $160, the C300 chip set costs $336, and the module costs 
$536. At 50 MHz, the C311 costs $191, the C300 chip set costs $495, 
and the C300 module costs $695. 

SECOND SOURCE: Samsung Semiconductor. 

Description: CMOS RISC-based \lP has a dual-bus Harvard architecture. 
3-chip set includes a CPU that incorporates a floating-point unit (FPU) 
and two cache/MMU chips: one for instructions and one for data. Avail¬ 
able in first- and second-generation versions in modules, chip sets, and 
individual chips. The upcoming C4 is a superscalar implementation. 


Intergraph Corp 

Advanced Processor Div 

2400 Geng Rd 

Palo Alto, CA 94303 

Phone (415) 494-8800 

For more information, Circle No. 391 

Status: The company claims over 45,000 Clipper modules have been 
shipped through May 1990, giving Clipper a large, but narrow, installed 
base—Intergraph and DuPont account for more than 98% of sales. 


HARDWARE- CHARACTERISTICS -software 



I— DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, multiply, divide (32-bit integer and 32- and 64-bit IEEE 
floating-point operations done in floating-point unit), floating-point con¬ 
verts, negate, compare, logicals, including AND, OR, EXCL OR, and 
NOT. 32- and 64-bit shifts and rotates, including floating point. 

II— DATA-MOVEMENT INSTRUCTIONS 

Architecture favors register-to-register operations and avoids operations 
on memory other than register-to-memory movements. Nine addressing 
modes, including absolute, relative (with and without displacements), rela¬ 
tive Indexed, and PC (program-counter) indexed. Despite streamlined 
instruction set, architecture provides efficient string moves because exe¬ 
cution control is switched over to macrocode ROM. 

III— PROGRAM-MANIPULATION INSTR 

Macrocode ROM is used for context-switching save and restore instruc¬ 
tions that support entry and exit from Interrupt and trap routines. Push, 
pop, supervisor, and user stacks (any register can be used as pointer). 

IV— PROGRAM-STATUS-MANIP INSTR 

Two status words, a user-program status word, and a privileged system 
status word, which can only be written In supervisory mode. 

V— SPECIAL INSTRUCTIONS 

Supervisory mode commands. Hardware supports 18 hardware traps 
and 128 supervisory calls. Software semaphores are supported for multi¬ 
tasking. 

Specification summary: Modified RISC-type architecture in which the 
basic RISC Instruction set is supplemented with boost from microinstruc¬ 
tion ROM. The bus-bandwidth bottleneck is solved by having separate 
buses for instruction and data and putting a cache/MMU chip on each 
bus. Putting the caches on separate chips allows them to be large enough 
to generate hit rates greater than 90%. Partitioning also allows IEEE 
64-bit floating-point operations to be incorporated on CPU chip so there 
Is no off-chip delay. There Is no need for CPU to have separate multlply- 
divide hardware because these operations can be done in the FPU. The 
chips are sold mounted with clock on a 3.5 x 4.5-in. multilayer-pc card 
with 96-pin DIN connector. C200 chips are also available separately. 


Hardware notes: 

1. The CPU chip has RISC-like ALU plus a CISC-like macroinstruction 
ROM and FPU. The other two chips are identical pin-programmable 
cache/MMU chips, so one can be used for instruction caching and the 
other for data caching. The instruction cache carries the CPU’s instruction 
program counter. The 4096-byte capacity of each cache plus the sophisti¬ 
cated caching control (2-way set associative) gives the Clipper a hit ratio 
greater than 90%. 

2. Each cache supports virtual memory via the on-chip MMU. The caches 
(especially the data cache) operate on a physical memory basis, so less 
flushing is needed. The C200 requires 135-nsec memory devices; the 
C300 requires 90-nsec memory devices. 

3. CPU uses sophisticated pipelining with provision for bypassing. 

4. C4 will be a 2-chip set (CPU and FPU) with a 64-bit instruction/data 
bus. C4 will be binary compatible with C300. 

- HARDWARE 


Software notes: 

1. Clipper’s 164 instructions are a balance between 1-cycle-RISC and 
multIcycle-CISC commands. The RISC takes care of the simpler, most 
frequently used instructions. The CISC macrocode takes care of complex 
Instructions such as floating/integer conversion, character-string manipu¬ 
lation, save and restore registers, and trap/interrupt entry and return 
sequences. 

2. C200 and C300 instructions are compatible. 


SUPPORT -SOFTWARE 


The Clipper Module card integrates the three Clipper chips into a function¬ 
ing CPU. It provides the clock and program-counter wiring and a 96-pin 
DIN connector. User must provide the bus buffers externally. Intergraph 
supplies development systems that provide a 33-MHz Clipper CPU, 8M 
bytes of RAM, 156M b^es of hard-disk storage, and an Ethernet Inter¬ 
face. Software includes Clix (which is based on Unix System V), a C 
compiler, a loader/debugger, and utilities. 


A wide array of standards-based software is available from Intergraph, 
including Clix V.3.1 (based on Unix V.3.1) operating system; optimizing 
compilers for C, Fortran, and Pascal; RFS, NFS, and TCP/IP networking 
software; and X-windows windowing interface. More than 500 third-party 
packages are available, including compilers for Lisp, Ada, and other 
languages; tools and utilities; end-user application packages such as 
Word Perfect, Q-Calc, Q-Office-i-, Masterplan, and UniPlex II Plus; and 
the Ingres, Informix, and Oracle database programs. 
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Prism. Four instruments in one logic analyzen 
For fasteo dme-correlateil results. 


State analyzer. Timing analyzer. Emulator. 

DSQ Getting the complete picture is easier 
than you think. 

The 4-in-l Prism 3000 Series is unlike any other 
logic analyzer. From one keyboard and display, 
it can do the work of multiple 
instruments. It can time-correlate 
data acquired by one Prism 
module to data acquired by all 
other modules, via revealing 
split-screen displays. 


Rental units available from your local rental company. 
Copyright © 1990, Tektronix, Inc. All rights reserved. PRZ-100 



Combine the triggering and channel resources of 
a logic analyzer with emulator-like ability to change 
registers, patch memory, and step through your code. 
View both signal timing and signal integrity at the 
same time with the integrated DSO. 

For twice the power and conve¬ 
nience afforded by separate instru¬ 
ments, at half the cost, contact 
your Tek sales engineer. Or call 
-800-426-2200 for the complete 
multipurpose Prism story. 

□I- 


4 4 ^ ■ 4 >.. vy4 4 


Ibktfonix- 

COMMITTED TO excellence 
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Here’s one reason thatover 
half of all kiSI devices 

sold are NCR 



We created the market... and we still lead the way. 
Meet NCR’s SCSI development team In 1983, they gave the computer 
industry its first SCSI device. By providing easy connectability and 
significantly reducing time to market, a new product era was bom. 


Since then needs have changed By combining our system skills, high- 
performance standard cell methodology, and in-house manufacturing, 
NCR has maintained its leadership role with innovative new ideas 
like the 53C700 product family. And the joint 
development of LADDR—a new architecture 
aimed at cutting the development time of 
OS/2 device drivers by 90%i 


Today SCSI is becoming the leading I/O 
standard—adopted by industry giants 
like Apple, IBM, HP, and DEC And 
no one is selling more SCSI chip 
level products than NCR. In 
fact, no one even comes close. 


Part of the NCR SCSI Development Team: (left to right) 

Jerry Armstrong, Sr.Software Engineer; Harry Mason, Strategic Marketing 
Manager; John Lohmeyer, NCR Sr. Consulting Engineer and Chairman of 
the ANSI X3T9.2 Committee and Dave Skinner, SCSI ProductManager. 



North American Sales Headquartei 

1731 Technology Drive, Suite 600 
San Jose, CA 95110 
(408)453-0303 




























Here’s another. 

The NCR 53C700 SCSI I/O Processor... 

So good, Electronic Design named it the 
product of the year. 

“You can’t tell a good SCSI chip just by looking at it... ” and according 
to Electronic Design, NCR’s 53C700 is the best there is. 

The only third generation SCSI device on the market today, it concen¬ 
trates all the functions of an intelligent SCSI adapter board on a single, 
smart and extremely fast, chip... for about 15% of the cost. 



As the first SCSI I/O processor on a chip, the 53C700 allows your CPU 
to work at maximum speed while initiating I/O operations up to 
thousands of times faster than any non-intelligent host adapter. DMA 
controllers can burst data at speeds of up to 50 Mbytes/s. This new chip 
cuts down system time hookup to a fraction of what it has been. 

Those are just a few of the reasons Electronic Design’s “Best of the 
Digital IC’s” award went to NCR’s 53C700 last year. 

Andnowthe‘NCR53C710! 

For the complete story on the NCR SCSI product line featuring the 
new 53C710, as well as the upcoming SCSI seminars with the NCR 
SCSI Development Team, please call: 

1-800-334-5454 


N iz: 





European Sales Headquarters 

Gustav-Heinemann-Ring 133 
8000 Munchen 83 
West Germany 
49 89 632202 


CIRCLE NO. 110 



Asia/Pacific Sales Headquarters 

2501, Vicwood Plaza 
199 Des Voeux Road 
Central 
Hong Kong 
825 859 6044 
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File Edit lools Tjode | jouch Options Host 
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Script 
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SET nixi 
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U3 OFF 
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Fl^Help 


NOW YOU CAN DESIGN A 
DEECO FUU-FANELTOUCHSCREEN 

IN NO TIME FIAT. 
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Introducing TouchAssist™ our new 
compatible interactive touch 
screen application generator. 

Now, developing and testing 
DeeCO flat-panel touch screen 
applications is a flat-out cinch. 

With TouchAssisfs menu- 
driven graphical interface, you just 
point and click. 

No endless compiling, 
recompiling and debugging. 

As you design the 
elements you want-charts, 
graphs, buttons, diagrams- 
you see them on the screen, exactly 
the way they'll appear on your DeeCO 


DOS 


DeeCO and SealTouch are registered trademarks of Lucas Deeco. TouchAssisf is a trademark of 
Lucas Deeco. © 1990 


flat-panel display. 

Your interface is taken 
care of in a fraction of the time, 
saving weeks of valuable engi¬ 
neering resources. And since 
TouchAssisf is compatible with 
any SealTouch® terminal or module, 
changing existing applications 
is now Just as fast and simple. 

For more information about 
TouchAssisf, or any of our full 
line of SealTouch terminal emulators, 
pc monitors, graphics terminals 
modules, contact us today. 

471-4700. 

Formerly OKCO< Digital Electronics Corporation 


Lucas Deeco, A Division of Lucas Duralifh Corporation, 31047 Gensfar Road, Hayward, CA 94544-7831 
(415)471-4700 


CIRCLE NO. 151 





















































HYPERSTONE 


AVAILABILITY: Delivery from stock. 

COST: $150 (1000) for the 25-MHz part. 

SECOND SOURCE: Zilog. 

CORE: Zilog will use the Hyperstone ^jlP as a 32-bit core in its library of 
M-P cores. 


Description: Hyperstone combines features of both RISC and CISC archi¬ 
tectures. Although most instructions are 16 bits wide, some are 32 or 
48 bits wide. Almost all instructions execute in a single cycle. The vendor 
claims that Hyperstone program code will be more compact than many 
CISC-architecture programs. The microprocessor uses a combination 
of pipelined load instructions, an internal decode/execute pipeline of two 
stages, and a proprietary look-ahead instruction cache to achieve high 
performance. In addition, on-chip DRAM and bus control simplify the 
interface between the p,P and memory and peripherals. 


32-BIT CMOS 


Hyperstone Electronics GmbH 
AM Guckenbiihl 10 
7750 Konstanz 
Germany 

Phone (011) 49 075 316-7789 
For more information, Circle No. 392 

Status: The Hyperstone suits embedded-systems applications. Zilog re¬ 
cently announced its intention to use the Hyperstone in its library of jjlP 
cores. These cores form the base for microcontrollers for datacommuni- 
cations, intelligent-peripheral-control, and disk-control applications. 


HARDWARE- CHARACTERISTICS -software 



DATA BUS ADDRESS BUS 


Hardware notes: 

1. The ^jlP has separate 32-bit address and data buses. The fxP’s 64 local 
registers are arranged in a register stack that contains stack frames of 
variable length—2 to 16 registers. Overlapping stack frames (windows) 
allow parameter passing. Because of the code compaction of mostly 
16-bit instructions, the 128-byte instruction cache achieves hit rates com¬ 
parable to larger caches on other devices. 

2. The jiP contains all the logic to directly control DRAMs, SRAMs, 
ROMs, and other peripherals. The Hyperstone also performs parity gen¬ 
eration and parity check. 


I— DATA-MANIPULATION INSTRUCTIONS 

All instructions operate on 32- or 64-bit data. Most instructions are single 
cycle, but multiply and divide are multicycle. A barrel shifter provides 
left/right and signed/unsigned shifts. Two sets of arithmetic instructions 
are available: One set traps on overflow; the other only flags overflow. 
Logic instructions are AND, AND NOT, OR, XOR, and NOT. More power¬ 
ful instructions include scaled index move, bound check, and scan leading 
zeros. lEEE-floating-point instructions execute by emulation. 

II— DATA-MOVEMENT INSTRUCTIONS 

Pipelined load/store architecture. Data types are byte and halfword (both 
signed and unsigned), 32-bit words, and 64-bit double words. Hyperstone 
contains single- and double-word move instructions. 

III— PROGRAM-MANIPULATION INSTR 

One unconditional and 12 conditional branch instructions provide pro¬ 
gram-counter relative delayed/undelayed branches. The p,P executes dy¬ 
namic branches via move or add instructions to the program counter. A 
call instruction creates a new variable-length stack frame in the register 
stack. A frame instruction restructures the stack frame for parameter 
passing. A return instruction returns control and restores the old stack 
frame. The p,P handles overflow or underflow automatically. 

IV— PROGRAM-STATUS-MANIP INSTR 

One unconditional and 11 conditional trap instructions trap to supervisor 
state via a 64-entry table. 

V— SYSTEM-LEVEL INSTRUCTIONS 

Moves to special registers and setting the interrupt mask bit are only 
possible in supervisor mode. 

Specification summary: The Hyperstone p,P has a balanced set of 
instructions that make it useful as a universal processor. Since virtual 
memory is rarely used in embedded systems. Hyperstone doesn’t include 
on-chip memory management. Demand paging via an off-chip memory- 
management unit is assisted. 


- HARDWARE - SUPPORT - SOFTWARE- 

In-circuit emulator via an add-on board to the IBM PC. Add-on boards Cross assembler/debugger on the IBM PC under MS-DOS. A C compiler 

to the IBM PC and evaluation boards via an RS-232C port. Is under development. Zilog Is developing a behavioral model. 
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SPARC FAMILY 


32-BIT CMOS 


AVAILABILITY: See table. 

COST: See table. 

SECOND SOURCE: Fujitsu, Cypress, and BIT SPARC |xPs are not hard¬ 
ware compatible. LSI Logic makes Fujitsu—and Cypress—compatible 
versions. All must run Sun Microsystems Inc (Mountain View, CA) SPARC 
software. Fujitsu, Cypress, LSI, Texas Instruments, and Philips/Signetics 
also provide SPARC embedded controllers. 

CORE: Fujitsu has made a start in this direction with a gate array. LSI 
Logic will also offer RISC elements In its ASIC library. 


Status: L64811 supersedes the L64801. At least three vendors have 
signed up to produce SPARCstation 1 compatibles. Currently, more than 
2000 applications run on SPARC hardware and numerous Sbus plug-in 
cards are available. SPARC International (Sunnyvale, CA), a consortium 
of hardware and software vendors, creates and maintains open standards 
and multivendor compatibility of both SPARC-based machines and 
applications. 


Fujitsu Microelectronics Inc 
Advanced Products Div 
50 Rio Robles 
San Jose, CA 95134 
Phone (800) 523-0034 
FAX (408) 943-9293 
For more information, 

Circle No. 393 

Cypress Semiconductor 
3901 N First St 
San Jose, CA 95134 
Phone (408) 943-2852 
For more information, 

Circle No. 394 


Bipolar Integrated Technology (BIT) 
Box 4750 

Beaverton, OR 97076 
Phone (503) 629-5490 
For more information. 

Circle No. 395 


LSI Logic Corp 
1551 McCarthy Blvd 
Milpitas, CA 95035 
Phone (408) 954-4985 
For more information. 
Circle No. 396 


Description: Sun Microsystems defined SPARC at instruction-set and 
programmer’s model level and then entered into entirely separate joint 
agreements with silicon vendors with the intent of reaching 100-MIPS 
performance by 1990. 


HARDWARE- CHARACTERISTICS -software 



ADDRESS data 


Hardware notes: 

1. Diagram is for Fujitsu 86901. 86902—Fujitsu’s embedded-control en¬ 
try—is compatible with 86920 MMU and Weitek’s 3170 floating-point 
unit. 86902 is missing 3 address-space-identifier lines and 3 of 4 hold 
inputs. 

2. Cypress’s SPARC embedded controller eliminates the user-defined 
coprocessor port and several control signals in addition to reducing the 
address bus to 24 bits and the address-space identifier to 3 bits. 

3. LSI Logic’s embedded SPARC comes without coprocessor ports. 

4. Rather than redesigned parts, all embedded controllers are reduced- 
pin-count, crippled versions of existing parts. 

Software note: 

There are four stages (five in BIT p,P) of pipelining. Optimizing compiler 
prevents pipeline breaks by inserting a delay instruction before branch 
instructions. 


I— DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, multiply (step). Logicals and shifts. 

II— DATA-MOVEMENT INSTRUCTIONS 

Load and store to memory (in RISCs, only simple loads and stores used 
to external memory). Load and store to CPU registers. Load and store 
to floating-point registers. Load and store to coprocessor registers. 

III— PROGRAM-MANIPULATION INSTR 

Call subroutine, branch conditional, save and restore, jump and link (128 
hardware and 128 software traps, mostly user definable). 

IV— PROGRAM-STATUS-MANIP INSTR 

Read and write processor state register. 

V— SYSTEM-LEVEL INSTRUCTIONS 

Instruction-cache flush. Can set up system and user modes and associ¬ 
ated protection. 

Specification summary: Follows RISC philosophy of single-cycle instruc¬ 
tion execution (averages 1.3 to 1.7 clocks per instruction). Family has a 
large number of on-chip registers to hold data being processed for rapid 
access, which also permits the fixed-length instructions to carry the two 
source and one destination addresses needed for single-cycle operations 
(register file has 3-port structure). On-chip registers are partitioned into 
seven 24-register groups that are overlapped at edges so that CPU can 
pass parameters between them. There are also eight global registers. 
Can address 4G bytes of direct address space and 256 pages of 4G-byte 
indirect space. 


Representative SPARC family microprocessors 


Part number 

Vendor 

Function 

Speed 

(MHz) 

Available 

Price 

85000 

Bipolar 

Integrated 

Technologies 

Integer unit 



$850 

CY7C601 

Cypress 

Integer unit 

25,33.40 

Now 

$349(100) 

CY7C602 

Cypress 

Floating-point unit 

25, 33. 40 

Now 

$489(100) 

CY7C604 

Cypress 

MMU and single¬ 
processor cache 
controller 

25. 33. 40 

Now 

$491 (100) 

CY7C605 

Cypress 

MMU and multi¬ 
processor cache 
controller 


4Q 

Samples 

Not yet set 

CY7C611 

Cypress 

Embedded integer unit 

25 

Now 

$76 (1000) 

MB86901 

Fujitsu 

Integer unit 

20 and 25 

Now 

$87(1000) 

M886902 

Fujitsu 

Embedded integer unit 

20 and 25 

Now 

$79(1000) 

L64801 

LSI Logic 

Fujitsu-compatible 
integer unit 

25 

Now 

$148 (1000) 
PQFP 

L64811 

LSI Logic 

Cypress-compatible 
integer unit 

25 

40 

Now 

Dec ’90 

$160(1000) 

$223(1000) 

L64901 

LSI Logic 

Embedded integer unit 

20 and 25 

Taking 

orders 

now 

$86 (1000) 
20-MHz 

PQFP 

L64951 

LSI Logic 

System controller 

10 and 25 

Samples 

now 

$79 (1000) 
20-MHz 

PQFP 

TMS390C602A 

Tl 

FPU 

40 

Samples 

now 

$315 (1000) 


- HARDWARE 

Sun workstations are adequate because Sun maintains software 
compatibility. Evaluation boards from Cypress and Fujitsu. Definicon and 
CAD/CAM International supply development boards. Call Cypress for 
company phone numbers. LSI Logic has a hardware-support program 
supplying a SPARCstation 1-compatible board with complete schematics, 
layouts, and films. 


SOFTWARE - 

Vendors say they’ll pass along Sun’s optimizing compilers for C, Pascal, 
and Fortran as well as Sun’s Unix operating system. Wind River Systems 
(Emeryville, CA) will provide a real-time operating system. A SPARC 
monitor is available from Bradley Forthware (Sunnyvale, CA). 


SUPPORT 
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ADVERTISEMENT 


0.99 Power Factor Corrected 
Switcher With Universai Input 



1000 watt single and multiple output switch¬ 
mode power supplies operate from 120 VAC 
15 Amp service, or as Universal Input from 
90 to 264 VAC line without strapping. Units 
meet lEC 555-2 harmonic distortion and 
UL, CSA, VDE, EN, and FCC safety and 
EMI specifications. Other models operate 
from 48 VDC or 120/230 VAC. 

Contact: Qualidyne (619) 575-1100 
Qualidyne CIRCLE NO. 160 

Compact, Modular Switchmode 
Supply Meets Class B EMI 



Compact power supplies can provide up 
to 400 watts with hundreds of volt/amp 
combinations of from 1 to 7 DC outputs. 
Units are available with in-line or side- 
mount I/O terminals and operate from 
120/230 VAC. Options include Auto 
Current-Sharing with a isolated Power 
Supply Fail signal, ideal for N-i-1 use. 
Contact: Qualidyne (619) 575-11(X) 
Qualidyne CIRCLE NO. 161 


Low Profile/Low Cost Supplies 
Are Only 2” to 3” High 



Compact switchers feature robust, high- 
current main and auxiliary outputs to suit 
OEM needs. Single and multiple output 
models provide from 250 to 1000 watts. 
Wide user-adjustment ranges, auto AC 
line select, integral fan-cooling, margin¬ 
ing, and inhibit are among the features 
and available options. 

Contact: Qualidyne (619) 575-1100 
Qualidyne CIRCLE NO. 162 


Modular 5” x 5” & 5” x 8” AC-DC 
Switchers & DC-DC Converters 

Hundreds of models with up to 9 indepen¬ 
dent outputs can be easily configured to 
meet custom requirements without delays. 
Providing 800 to 3000 watts, units operate 
from 48 VDC or 120/230 VAC. All meet 
EMI and safety specs from UL, CSA, EN, 
FCC and VDE. Wide adjustable and cur¬ 
rent sharing outputs available. 

Contact: Qualidyne (619) 575-1100 
Qualidyne CIRCLE NO. 163 



- 1990-91 CATALOG - 

SWITCHMODE POWER SUPPLIES 

■ AC-DC ■ DC-DC CONVERTERS ■ 0.99 POWER HCTOR 


■ Low Cost 

■ Low Profile Case 

■ 250 to 600 Watts 
■ 1 to 4 Outputs 


■ User-Configurable 
■ 1 to 9 Outputs 

■ Quick Customized Supplies 
■ Modular Construction 


■ Feature-Intensive 

■ Low Profile Cases 
H 1 to 9 Outputs 

L:] 500 to 1000 Watts 


■ Wide Adjustment Ranges 
■ 600 to 1000 Watts 

■ 2V to 56VDC Outputs 
■ 1 to 7 Outputs 


■ 1KWto3KW 

■ 1 to 9 Outputs 

■ N +1 Redundancy 


Buslids/ne ^ ® ^ 

Lambda Group of Unitech pic 







FREE NEW 66-PAGE CATALOG/BINDER 
CALL OR WRITE; QUALIDYNE 
3055 DEL SOL BLVD. 

SAN DIEGO, CA 92154 
PHONE: (619) 575-1100 
FAX: (619) 429-1011 


CIRCLE NO. 164 
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WE APPROACH 
THE MEMORir BUSINESS 
nMMAONEPOHIT 
or VIEW. 


YOURS. 



At Micron Technology, we offer a full line of 
leading-edge RAM components in speeds and 
packages for virtually any application. 

But the memory business is more than 
just parts — it's people. 

That's why we offer a total commitment to 



service and support, and a team of engineers 
and technical support personnel that are the 
most experienced memory professionals in the 
industry. 

Because in the memory business there's 
only one point of view that counts. Yours. 





Memory 

Org. 

Speed 

Pa 

ikaoe 

Special 

Availability 

Military 

Product Family 

Sira (Total) 

(Bits) 

(ns) 

DIP 

ZIP 

SOJ 

PLCC 

TSOP 

PDFP 

Features 

Quallflad 

SRAMs 

1MEG 

x1.x4,x8 

25-45 

X 


X 




x4 option: CE 

Now 

2H90 


256K 

x1,x4,x8 

20-45 

X 

X 

X 




x4 option: OE 

Now 

X 


64K 

x1,x4,x8 

12-45 

X 


X 




x4 options: Separate 1/0, OE 

Now 

X 


16K 

x1,x4.x8 

12-45 

X 


X 




x4 options: Separate I/O, OE 

Now 

X 

Cache Data 

SRAMs 

288K 

x9 

14-34 




X 



486 Compatible, Self-timed write. Fast toe 
7ns, 486 Burst and extended burst support 

Samp: 1H91, 

Prod: 2H91 



144K 

x18 

20-35 




X 


X 

386/486 Compatible, Fast toe 8ns, 

Auto write completion. Parity bits 

Now 



128K 

x16 

20-35 




X 


X 

386 Compatible, Fast toe 8ns 

Now 


Synchronous 

288K 

x18 

15-25 




X 



Registered address, chip enables and write 
control; Data latch. Fast toe 6ns, 

Byte write capability 

Samp: 2H90, 

Samp: 


256K 

x16 

15-25 




X 



Prod:1H91 

1H91 

SRAMs with 

288K 

x18 

15-35 




X 



Address, data and chip enable latches; Byte 

Samp: 2H90, 

Samp; 

Latch 

256K 

x16 

15-35 




X 



write capability. Fast toe 6ns, 3.0 Volt output 
buffer option 

Prod: 1H91 

1H91 


16K 

x8 

100 

X 


X 




Intel 8051 and 8096 compatible 

Now 

X 


16K 

x8 

15-35 

X 


X 




Compatible with high end micro controllers 

Now 

X 

FIFOs 

18K 

2Kx9 

15-35 

X 



X 



Family options: 

300 mil DIP package. Programmable flags 

Samp: 1H91 

2H91 


SK 

1Kx9 

15-35 

X 



X 



Samp: 1H91 

2H91 


4.5K 

512x9 

15-35 

X 



X 



Samp:1H91 

2H91 

DRAMS 

4MEG 

x1,x4,x8,x16 

60-100 

X 

X 

X 


X 


x4,x8 options: Write per bit 
x16 options: 2 WE/1CAS; 1WE/2CAS and 
1WE/1CAS with write per bit 

x1,x4 Samp: Now, Prod: 1H91; 
x8,x16Samp: 1H91 

Samp: 

1H91 


1MEG 

x1,x4,x16 

70-120 

X 

X 

X 


X 


x16 options: Byte write or write per bit 

Now 

X 


256K 

x1.x4 

100-120 

X 

X 

X 

X 




Now 

X 


64K 

Xl 

100-150 

X 



X 




Now 

X 

Quad 

4MEG 

x4 

60-100 



X 




Separate CAS control for each DO input/ 
output. Enhanced write per bit capabilities 

Samp: 1991 


CAS DRAMS 

1MEG 

X4 

70-100 



X 




Now 


Pseudo Static 
ORAM 

1MEG 

x8 

80-120 

X 


X 


X 


Unmultiplexed addresses. 

Simple refresh control 

Samp: 2H90, 

Prod: 1H91 


Dual Port 

DRAMS (VRAMs) 

1MEG 

x4,x8 

80-120 


X 

X 




CMOS, Fully static SAM, Serial input. 

Split read transfer 

Now 

Samp: 

1H91 


256K 

x4 

100-120 

X 

X 





CMOS, Fully static SAM, Serial Input 

Now 

X 

Triple Port 

DRAMS 

1MEG 

x4,x8 

80-120 



X 

X 



CMOS, Two fully static SAMs, Transfer mask. 
Split t.ansfers. Functional superset of 
1MEGVRAM 

Samp: Now, 

Prod: 2H90 


Modult 

Word Sira 

Org. 

Spaed 

Pa 

rtus 

Sptclal 

Availability 

Military 

Product Family* 

(Words) 

(Bits) 

(nt) 

DIP 

ZIP 

SIP 

SIMM 



Features 

Qualllled 

DRAM 

Modules 

2MEG.1MEG. 

512K.256K 

x36 

70-120 


X 


X 



Industry standard pin-out 

256K, 512K: Now; 
1MEG,2MEG Samp: 2H90 



4MEG.1MEG, 

256K 

X9 

70-120 



X 

X 



Industry standard pin-out 

256K, 1MEG: Now; 

4MEG Samp; 2H90 



4MEG.1MEG, 

256K 

x8 

70-120 



X 

X 



Industry standard pin-out 

256K, 1MEG:Now; 

4MEG Samp: 2H90 


SRAM 

Modules 

256K. 128K. 
64K. 16K 

x32 

15-45 


X 





Industry standard pin-out with OE 

16K, 64K; Now; 

128K,256K; 2H90 

1H91 


64K,32K 

x16 

30-45 

X 






Industry standard pin-out with OE 

Now 

1H91 


128K 

x8 

30-45 

X 




i 

Compatible with 1 MEG monolithic 

Now 

1H91 1 



* Custom module and board-level product manufacturing services available. 

MICRON 

■ TECHNOLOGY, INC. 

2805 E. Columbia Rd., Boise, ID 83706 (208) 368-3900 

CIRCLE NO. 96 































































R2000/R3000 FAMILY 


32-BIT CMOS 


AVAILABILITY: See table. 

COST: See table 
SECOND SOURCE: NEC. 

Description: This RISC architecture was initially developed at Stanford 
University under the auspices of DARPA (Defense Advanced Research 
Projects Agency). The architecture supports as many as three tightly 
coupled processors. 

Status: The R2000, R3000, and R3000A are multisourced, specification- 
compatible RISC fjiPs. Such workstation companies as Digital Equipment 
Corp, Silicon Graphics, Sony, and MIPS have selected the architecture 
as the one to build their RISC-based hardware on. The R3000 was se¬ 
lected by JIAWG (Joint Internal Avionics Working Group) as a standard 
for military avionics programs such as the Advanced Tactical Fighter. 


Integrated Device Technology 
3001 Stender Way 
Santa Clara, CA 95052 
Phone (408) 492-8333 
For more information, 

Circle No. 397 


LSI Logic Corp 
1551 McCarthy Blvd 
Milpitas, CA 95035 
Phone (408) 433-7556 
FAX (408) 433-7447 
For more information. 
Circle No. 398 


Performance Semiconductor 
610 E Weddell Dr 
Sunnyvale, CA 94089 
Phone (408) 734-8200 
For more information. 

Circle No. 399 


Siemens Components Inc 
2191 Laurelwood Rd 
Santa Clara, CA 95054 
Phone (408) 980-4500 
For more information. 
Circle No. 400 


HARDWARE- CHARACTERISTICS -software 



ADDRESS (18) 


Hardware note: 

Diagram reflects R3000 architecture. 


I— DATA-MANIPULATION INSTRUCTIONS 

Implements classic RISC load-store architecture where all data- 
manipulation operations occur on data in internal registers at the rate of 
one operation per cycle. Add, subtract, and logical operations, as well 
as multibit shifts, comparisons, and multiply and divide operations are 
in 3-operand format. 

II— DATA-MOVEMENT INSTRUCTIONS 

External memory is only accessed for simple loads and stores. Load and 
store to CPU registers. Processor supports loading and storing of un¬ 
aligned 32-bit data. 

III— PROGRAM-MANIPULATION INSTR 

Processor contains a rich set of instructions for program manipulation 
and operating-system kernels. Has coprocessor interface to the MMU 
to support the virtual-memory system. The processor also contains in¬ 
structions to manage program-control flow. 

IV— PROGRAM-STATUS-MANIP INSTR 

Exceptions can be initiated by interrupt, memory-access faults, and the 
floating-point coprocessor and are tracked by in-system control registers. 

V— SYSTEM-LEVEL INSTRUCTIONS 

Bits in the status register let the processor modify the system interface 
in order to perform memory-system diagnostics. 

Specification summary: The R2000/R3000 implements a 5-stage pipeline 
to achieve a low average-clocks-per-instruction rate. Rich instruction set, 
sophisticated compilers, and high-frequency operation help the R2000/ 
R3000 family achieve high performance. The IDT 79R3000 features a 
full cache controller, including on-chip tag comparison and direct control 
of the cache RAMs. LSI Logic’s LR2000/3000/3000A includes thirty-two 
32-bit general-purpose registers, on-chip cache control, on-chip memory 
management, and coprocessor interfaces for as many as three external 
coprocessors. 

Representative R2000/R3000 family 
microprocessors 


Part number 

Vendor 

Speed 

(MHz) 

Price 

79R3000 

Integrated Device 
Technology (IDT) 

12.5-33 

As low as $50 

LR3001 

IDT 

12.5-33 

As low as $50 

LR2000 

LSI Logic 

12.5-16 

$99 (100) 

LR3000* 

LSI Logic 

16-25 

$144 (100) 

LR3000A 

LSI Logic 

To 33 

$400 (100) 

R2000 

Siemens 

12.5-16 

$252 (100) 

R2010 

Siemens 

12.6-16 

$347(100) 

R3000 

Siemens 

20-25 

$335 (100) 

R3010A 

Siemens 

20-25 

$447 (100) 

R3051 

IDT 

20-40 

$30 (10,000) 

General sampling 
in early 1991 

R3052 

IDT 

20-40 

$49 (10,000) 

General sampling 
in early 1991 


*MIL versions available 


HARDWARE - SUPPORT -SOFTWARE 


MIPS Computer Systems offers several machines for system develop¬ 
ment. The architecture Is supported by a variety of tools, including logic- 
analysis tools from Tektronix, Arium, and Gould. IDT offers a line of CPU 
subsystems. IDT and LSI Logic also offer a range of development sys¬ 
tems. 


LSI Logic and IDT provide C, Ada, Pascal, Fortran, Cobol, and PL/1 
compilers for their CPUs. LSI also offers the System Programmers Pack¬ 
age, an integrated toolkit for software and hardware development. 

The operating system RISC/OS is a merged AT&T System V.3 and 
Berkeley BSD 4.3 Unix including TCP/IP and NFS networking software. 
It includes the MIPS optimizing compiler as well as the MIPS symbolic 
debugger. 

Refer to the RISCware directory from Synthesis Software Solutions Inc 
for a complete list of third-party software vendors. 
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29000 FAMILY 


32-BIT CMOS 


AVAILABILITY: Now for 29000 CPU and 29027 arithmetic accelerator. 
COST: $88 for the 16-MHz 29000, $68 for the 16-MHz 29005, and $268 
for the 16-MHz 29027 (1000). Parts are also available in 20- and 25-MHz 
grades. 

SECOND SOURCE: Under negotiation. 

Description: State-of-the-art implementation of RISC |xP concepts with 
expected stress on obtaining as close to single-cycle operation as possi¬ 
ble (even with branching) and an emphasis on keeping users’ system 
costs down by bus timing, etc, which allows lower-cost external memo¬ 
ries. Although their names are similar, the 2900 and 29300 building-block 
families are intended for user-defined (microcoded) complex instruction 
sets, whereas the 29000 p-P family has a regular, fixed, and purposely 
simple instruction set; moreover, the instruction set is decoded by logic. 
Companion compilers are an essential part of family. 


Advanced Micro Devices (AMD) 

901 Thompson PI 

Sunnyvale, CA 94086 

Phone (408) 732-2400 

For more information, Circle No. 401 

Status: In the 7}h. years since its introduction, the 29k has accumulated 
over 200 design wins, and 35 companies have announced 29k-based 
products. Areas of particular success for the RISC |xP are high-end laser 
printers; X-terminals; graphics, including graphics controller boards, 
graphics accelerators, real-time image processing, and medical imaging; 
and network products, including protocol converters, network node con¬ 
trollers, FDDI networks, and ISDN-related systems. 


HARDWARE- CHARACTERISTICS -software 


■CONTROL-►t-^-DATA MANIPULATION- 



Hardware notes: 

1. Burst-mode addressing allows use of lower-cost video RAMs to re¬ 
place more-expensive, high-speed, static CMOS RAMs, with only moder¬ 
ate loss in performance (14 MIPS sustained vs 17 MIPS). 

2. There is a coprocessor interface to companion 29027 floating-point 
chip. The 29027 uses combinatorial logic, so operations take only five 
29000 cycles. 


I— DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, multiply (step), divide (step). 

Extract contiguous 32 bits from the 64-bit funnel shifter. 

Logicals, compare, convert floating point (floating point is not currently 
implemented in hardware but companion 29027 floating-point chip is 
available). 

II— DATA-MOVEMENT INSTRUCTIONS 

Register-to-register moves. 

Load and store to external memory and I/O. 

Load and store multiple registers to/from external memory and I/O. 

III— PROGRAM-MANIPULATION INSTR 
Jump, call subroutine, and returns. 

Branches (with decisions based on Boolean data in general-purpose 
registers rather than ALU condition codes). 

IV— PROGRAM-STATUS-MANIP INSTR 

Status register has usual bits to indicate ALU condition. 

Exception handling for 64 reserved and 192 user-defined traps. 

V— SYSTEM-LEVEL INSTRUCTIONS 

Some of the 23 special-purpose registers are for system control. These 
registers are protected and can be set up via software (some also are 
affected by execution). 

Specification summary: 32-bit CPU fashioned after RISC concepts; per¬ 
forms most frequently used, simple instructions in one cycle. Offered 
with companion compilers that take advantage of architectural simplicity 
and produce performance-optimized code. 29027 floating-point chip, in 
more CISC fashion, makes up for crudeness of math instructions (only 
partial multiplication and division instructions). Features that ensure 
uninterrupted flow in 29000’s 4-stage execution pipeline are single-cycle 
branching with branch delays and a 512-byte branch-target cache. Main 
192-register file has a 3-port configuration so instruction fields can specify 
sources for both operands and the destination for the result. 128 of the 
registers are addressed by a stack pointer that (in conjunction with the 
compiler) provides a type of caching that speeds procedure calling. Exter¬ 
nal memory space is reached by 4G-byte virtual addressing with demand 
paging. An on-chip 64-entry MMU performs address translation in a single 
cycle and is flexible so users can choose memory strategy. 

Software notes: 

1. Total of 115 instructions. All are not yet implemented in hardware; 
those that aren’t cause traps. 

2. Multiply and divide on the 29000 only does one step. The full multiply 
and divide instruction causes a trap operation at which a compiler can 
insert a software routine. 


HARDWARE - SUPPORT -SOFTWARE 


The EB29k is a PC plug-in execution board with software-development 
tools. 

From others: Embedded Performance Inc, Hewlett-Packard, and Step 
Engineering all provide real-time in-circuit emulators for the 29000 family. 
Logic Analyzer interface is available from Biomation or Hewlett-Packard. 
Various VMEbus board products based on the 29k are available from 
Ironies. Behavioral simulation models are available from Logic Automa¬ 
tion and Mentor Graphics. Design-verification and test-generation models 
are available from Teradyne. A list of third-party support products ap¬ 
pears in the biannual Fuslon29K Catalog published by AMD. 


AMD supplies the complete software tool chain. These tools include the 
ANSI standard HighC29k optimizing compiler with an assembler, linker, 
and ANSI standard libraries; floating-point-math libraries; and architec¬ 
tural and instruction-set simulators. The Xray29k source-level debugger 
is also available for the 29k. The Mon29k is a target debug monitor for 
system developers. All software support tools run on IBM PC/ATs and 
Sun-3 and Sun-4 workstations. 

Other C compilers are available from Embedded Performance Inc, Met¬ 
aware, Microtec, and Intermetrics. Pascal compilers are available from 
Metaware. The GNU tool chain, including the G + + and the debugger 
are available from Cygnus. Ada is available from Verdix Systems. Fortran 
Is available from Yarc. Ready Systems, JMI, and Telenetworks provide 
real-time operating systems. A complete guide to third-party software 
products is published in the biannual AMD Fusion29k catalogue. 
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Computers and Communications 


Peak performance 
under extreme conditions. 

NEC's SVH-Series chip tantalum 
capacitors scale new heights of per¬ 
formance and reliability for automotive 
and other tough applications. 

Our SVH capacitors offer a failure 
rate of just 0.5% per 1,000 hours. 

If obstacles like excessive heat and 
humidity seem insurmountable, don't 
worry. SVH caps withstand 1,000 tem¬ 
perature cycles from -55°C to -i-125°C. 
Their humidity resistance is 85°C, 85% 
RH for 1,000 hours. 

We offer 29 types with ratings from 


0.1 to 33;uF, and from 10 to 35V DC. 

A top-quality team 
of chip tantalum caps. 

Reliable NEC caps also come in a wide 
array of device types. 

Our diversified lineup includes: 
R-Series 

□ 96 types. 

□ 0.01 to 68;/F; 4 to 35V DC. 

R-Series Extended-Capacitance 

□ 58 types. 

□ Up to 15juF rating for A case (1.6 x 
3.2 X 1.6mm). 

□ 0.1 to 100//F; 2.5 to 35V DC. 


SVE-Series 

□ Built-in fuse; 21 types. 

□ 1.0 to 33^/F; 10 to 50V DC. 

□ R-Series compatible. 

Reward yourself with reliability. 

NEC produces 2 billion tantalum ca'ps 
per year-more than anyone else In the 
industry. Our path-breaking R&D effort 
covers everything from improving 
materials to enhancing design and pro¬ 
duction processes. 

That's why we lead the industry with 
high-performance tantalum capacitors 
such as the ultra-reliable SVH-Series. 


For fast answers, call us at: 

USA Tel:1-800-632-3531. TWX:910-379-6985. W. Germany Tel:0211-650302. Telex:8589960. The Netherlands Tel:040-445-845. Telex:51923. 

Sweden Tel:08-753-6020. Telex:13839. France Tel:1-3067-5800. Telex:B99499. Spain Tel:l-4I9-4I50. Telex:413I6. Italy Tel:02-6709108. Telex:3l5355. 
UK Tel:0908-691133. Telex:82679l. Ireland Tel:l'6794200. Telex:90847. Hong Kong Tel:755-9008. Telex:5456l. Taiwan Tel:02-719-2377. Telex:22372. 
Korea Tel:02'55l-0450. F3x:02-551 0451. Singapore Tel:481988l. Telex:39726. Australia Tel:03'267-6355. Telex:38343. 


CIRCLE NO. 106 


NEC 





For Automotive Chips that Talk, 
Talk to Oki. 


RealVoice™ Synthesizers 
offer Quality 
and Affordability 

I f you think speec±i synthesiz¬ 
ers sound toy-like and are 
too complex and cosdy, try 
Oki’s RealVoice femily of 
easy-to-use, affordable synthesizers 
—and listen to the (Merence. 

Once you’ve heard the realis¬ 
tic sound, you’ll see ^y they’re 
ideal for car security systems, cellu¬ 
lar phones, safety monitors, and 
more. 

Our on-chip filter and D/A 
reduce design time and 1C count, 
while increasing system reliability. 
Plus we offer a range of devices, 
demo boards, and a low-cost 
development system with PC- 
based boards and software. 

For samples of quality that 
speaks for itseU^ call OKI today 
1-800-OKI-6388. 



OkFs RealVoice'** Speech Synthesis Family 

Part# 

Description 

MSM62g5 

4-channel speech synthesizer 

MSM6322 

Pitch control 1C 

MSM6372 

Speech synthesizer with 128K ROM, 5 secs 

MSM6373 

Speech synthesizer with 256K ROM, 10 secs 

MSM6374 

Speech synthesizer with 512K ROM, 20 secs 

MSM6375 

Speech synthesizer with 1M ROM, 40 secs 

MSM6376 

Evaluation chip for MSM6372/73/74/75 

MSM6378 

Speech synthesizer with 256K OTP ROM 

MSM6388 

Solid-state recorder/1 M serial register l/F 



OKI 

Semiconductor 

Transforming technology into customer solutions 

785 North Mary Avenue 
Sunnyvale, CA 94086-2909 

RealVoice is a trademark of Oki Semiconductor. 
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88000 


32-BIT CMOS 


AVAILABILITY: Both the 88100 CPU and the 88200 cache/memory- 
management unit (CMMU) are available now in 16-, 20-, 25-, and 33-MHz 
versions. 

COST: The 88100 costs $168; the 88200 costs $198 (100). 

SECOND SOURCE: None. 

CORE: Motorola’s architecture can incorporate as many as six special- 
function units into the 88100 chip. 

Description: The 88000 RISC family encompasses the 88100—the 
CPU—and the 88200—the memory-management unit. The 88100 chip 
supplies full 32-blt registers, data paths, and addresses. Most instruc¬ 
tions, including standard IEEE-P754 floating-point math operations, exe¬ 
cute in one cycle or are put in a concurrent execution pipeline in one 
cycle. The corresponding 88200 cache/memory-management unit sup¬ 
ports a demand-paged virtual-memory environment. The chip controls 
two 4G-byte logical address spaces—one for the user and one for the 
supervisor. The chip’s architecture supports multiprocessor operations. 

- HARDWARE 


Motorola Inc 

Microprocessor Products Group 

6501 William Cannon Dr W 

Austin, TX 78735 

Phone (512) 928-6000 

For more information, Circle No. 402 


Status: The 88000 p.P family is designed into such applications as PC 
add-in cards, disk controls, imaging systems, and real-time controllers. 
An independent group of manufacturers has founded the 88open Consor¬ 
tium Ltd (San Jose, CA) to support and promote the |xP family. The 
consortium develops standards such as the Binary Compatibility Specifi¬ 
cation, which allows applications written for the 88000 to execute on all 
88000 hardware. 


CHARACTERISTICS -software 



I— DATA-MANIPULATION INSTRUCTIONS 

Integer-math instructions include add, subtract, divide, multiply, and com¬ 
pare. There are equivalent floating-point instructions as well as integer- 
float conversion, store, exchange, round, and truncate instructions. The 
instructions also provide logical and bit-field operations. 

II— DATA-MOVEMENT INSTRUCTIONS 

The basic data-movement instructions let the CPU load registers, ad¬ 
dresses, and the control register’s contents. The CPU can also store 
information and exchange the contents of registers and memory. The 
instruction set Includes operations that move data within the floating-point 
unit. 

III— PROGRAM-MANIPULATION INSTR 

These instructions include conditional and unconditional branch, jump, 
and subroutine-call commands. The 88100 also provides trap instructions 
that check bit locations, memory boundaries, and interrupt conditions. 

IV— PROGRAM-STATUS-MANIP INSTR 

The 88100 can process exceptions—those conditions that cause the 
processor to stop Its operation and locate a potential problem. Exceptions 
include interrupts, memory-access faults, math errors such as divide by 
zero, and trap Instructions. 


Specification summary: The 88100 provides register-to-register opera¬ 
tions for all data-manipulatlon instructions. Separate source and destina¬ 
tion registers are available. The CPU supports register-to-register and 
register-plus-immediate-value address modes. Because address calcula¬ 
tions are quick, memory-access operations are speedy, in keeping with 
the RISC philosophy. The CPU employs delayed branching, which re¬ 
duces pipeline delays caused by a change in program flow. The 88200 
incorporates 16k bytes of cache memory as well as cache-control logic, 
memory-management logic, and bus-control circuits. Multiple CMMUs 
can operate In parallel. Both the 88100 and 88200 come packaged in 
180-pin PGA packages. The chips operate over the 0 to 70°C temperature 
range. 


Hardware notes: 

1. Architecture shown is for the 88100. The CMMUs are shown in block- 
diagram form. 

2. The P bus supplies the interface between the 88100 and either local 
memory or an 88200 CMMU. The synchronous P bus operates at the 
same clock rate as the 88100. Peak data rate Is 80M bytes/sec. 

3. The 88100 includes 32 general-purpose registers. 

- HARDWARE 

From Motorola: The company has announced a variety of VMEbus-based 
boards and systems. 

From others: Add-in boards are available for the IBM PC/AT from Opus 
(Cupertino, CA), for the IBM PS/2 from Prometa (Gainesville, FL), for the 
Apple Macintosh from Tektronics (Beaverton, OR), for the VMEbus from 
Force (Campbell, CA) and Tadpole (Cambridge, UK), and for the VAX 
from Avalon (Santa Barbara, CA) 


SOFTWARE - 

From Motorola: 88000 systems run Motorola’s BCS/OCS Unix System 
V, Release 3 as well as System V, Release 4, both of which are supported 
by optimizing C and Fortran compilers and associated development tools 
for complete software development. 

From others: A variety of compilers and applications are available for the 
88000. See the 88open software catalog. 


SUPPORT 
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80960 


AVAILABILITY: Now for 10-, 16-, 20-, and 25-MHz 80960KA and KB in 
PGAs; 16- and 20-MHz plastic quad flatpack (PQFP); 16-, 20-. and 25- 
MHz 80960MC in PGAs and QFPs; 16-. 25-. and 33-MHz 80960CA in 
PGA; and 16- and 25-MHz 80960CA in PQFP. 

COST: Prices depend upon speed, package, and temperature range. In 
1000s. prices range from $27 to $56 for the 80960KA. $35 to $73 for the 
80960KB. $920 to $1058 for the 80960MC. and $81 to $122 for the 
80960CA. 

SECOND SOURCE: Internally sourced from three different Intel facilities. 

Description: The 80960 Is Intel’s 32-blt family of p,P chips that has been 
designed specifically for embedded-control applications. There are four 
upwardly compatible versions of the RISC-based architecture. The family 
includes the basic 80960KA core version, which provides 6 to 12 VAX 
MIPS (depending on frequency); the 80960KB, which includes an on-chip 
floating-point unit; the 80960MC. which comes with on-chip memory- 
management/protection and multiprocessor support; and the 80960CA, 
which features a software-configurable pipelined bus. 1.5k bytes of on- 
chip data RAM. a Ik-byte. 2-way set-associative Instruction cache and 
a 4-channel chaining DMA processor. 


32-BIT CMOS 


Intel Corp 

Embedded Controller Operation 

5000 W Chandler Blvd 

Chandler, AZ 85226 

Phone (602) 961-8051 

For more information, Circle No. 403 


Status: Since the 80960 family’s introduction, the family has enjoyed 
widespread acceptance in a broad spectrum of commercial and military 
designs. The 80960 family played a role In legitimizing the 32-bit embed¬ 
ded-control market. Intel’s approach is family oriented; not only is there 
a wide range of 32-bit CPU chips at different price/performance levels, 
but there are also 80960-specific support components such as the 27960 
burst EPROM and 85C960 bus control component. Intel claims the total 
kit approach exists to serve embedded-control customers with an easy- 
to-design-with set of CPU and peripheral parts. 


HARDWARE- CHARACTERISTICS -software 



Hardware notes: 

1. The 80960 provides only one data bus for instructions and data. The 
bus multiplexes address and data information. 

2. The basic 80960 chip includes 16 32-blt global registers and 16 32-bit 
local registers. The stack requires one global and three local registers 
for housekeeping operations. 

3. The floating-point unit (80960KB) also includes four 80-bit registers, 
but can use any register. 


I— DATA-MANIPULATION INSTRUCTIONS 

Bit operations, unsigned and signed byte, unsigned and signed half-word 
(16-blt quantity), unsigned and signed word operation. All CPUs have 
hardware multiply/divide unit. Extended arithmetic support allows math 
operations on operands larger than one word. Floating-point operations 
on single-, double-, and extended-precision operations are supported in 
hardware on the -KB and -MC versions. 

II— DATA-MOVEMENT INSTRUCTIONS 

Bytes, half words, words, double words, triple words, and quad words 
can be moved to and from memory. Memory operations are supported 
by a full complement of addressing modes, including IP relative. All CPUs 
support unaligned memory operations. 

III— PROGRAM-MANIPULATION INSTR 

Both Berkeley and Stanford forms of subroutine call, return; several types 
of branch instructions. Full set of conditional tests. 

IV— PROGRAM-STATUS-MANIP INSTR 

Process control word and arithmetic controls can be modified under 
program control. 

V— SYSTEM-LEVEL INSTRUCTIONS 

Seven different types of trace controls. Hardware and software break¬ 
points. 80960CA has operations to program DMA channels and control 
hardware features such as locking the cache. 80960MC has operations 
to directly support shared-memory multiprocessing. 

Specification summary: The 80960KA has a 512-byte instruction cache, 
a 256-byte register cache, and a 4-input interrupt controller. The 80960KB 
Is socket compatible with the 80960KA but features an on-chip lEEE- 
P754-compatlble floating-point unit. The 80960MC adds an MMU and 
multiprocessing support to the features of the -KB. The 80960CA allows 
multiple-instructlon-per-clock execution and offers a 4-clock-cycle 32-bit 
multiplier. 8 Interrupt inputs, a Ik-byte lockable instruction cache. 1.5k 
bytes of on-chip RAM. a register cache configurable to 15 levels. 4 DMA 
channels, and a software-configurable bus. 


HARDWARE - SUPPORT -SOFTWARE 


From Intel: The EVQT960E ($960) with 256k bytes of 2-walt-state memory 
and the EVQT960F ($1960) with 256k bytes of zero-wait-state memory 
are serially hosted evaluation and prototyping boards for the 80960KA/ 
KB. The EVA960KB board ($4500) is an IBM PC/AT-compatible board 
with onboard debug monitor and as much as 4M bytes of dynamic RAM. 
The EXV960MC board ($9000) Is a 25-MHz Multibus I development board 
for military and Ada applications. The EV960CA ($3500) is an evaluation 
board for the 80960CA. The ICE960KB in-circuit emulator ($16,495) is 
available for the 80960KA/KB. 

The 85C960 is a bus-control chip for the KA/KB; the 27960CX/KX are 
high-speed burst EPROMs for the 80960KA/KB/CA; the 27C202 is a 
high-speed. 16-bit-wide EPROM for the 80960KA/KB/CA. The 82380 is 
a multifunction peripheral with timer-counters. 8 channels of DMA. and 
15 interrupt inputs that can interface to the 80960KA/KB/MC. The M82965 
is a bus-interface component that provides multiprocessing and fault- 
tolerance support for the 80960MC. 

From others: 80960CA Multibus II boards are available from Micro Indus¬ 
tries. 80960CA VME boards are available from Heurikon ($3995) and 
Tadpole. Fluke provides logic-analyzer support. 


From Intel: ASM960 ($900 for the IBM PC/AT) includes an assembler 
and linker for the 80960 family. iC960 ($700 for the IBM PC/AT) is a full 
ANSI C compiler for the 80960 family. Gen960 builds memory images 
for the 80960KA/KB/MC/CA. Hosts include the IBM PC/AT. Sun-3. VAX/ 
VMS VAX/UltrIx and HP9000. Ada960 (from $28,000) is available for 
VAX/VMS. RMK960 ($1500) is a real-time kernel for 80960KA/KB. 
SIM960CA ($750, IBM PC/AT) is a software simulator for the 80960CA. 
DB960 ($2500) is a C source-level debugger hosted on a IBM PC/AT for 
the 80960KA/KB/CA. 

From others: Wind River Vxworks provides a full-featured operating envi¬ 
ronment that includes file-system support and TCP/IP networking. Ready 
Systems VRTX32 provides a deterministic real-time kernel for the 80960 
family. Microtec Research provides a complete 80960 tool chain—C com¬ 
piler through XRay debugger. QTC provides an instruction scheduler/ 
optimizer for the 80960CA. The Solutions960 catalog from Intel describes 
additional 80960 tools and applications. 
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Transient ANALYSIS 
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THE NEW MICRO-CAP HE 
SOYOUCAHTEST-FIY 
EVEN MORE MODEll 


It wasn’t easy. But we did it. Made the 
long-time best-selling IBM® PC-based 
interactive CAE tool even better. 

Take modeling power. We’ve significantly 
expanded math expression capabilities to 
permit comprehensive analog behavioral 
modeling. And, beyond Gummel Poon BJT 
and Level 3 MOS, you’re now ready for 
nonlinear magnetics modeling. Even 
MESFET modeling. 

Analysis and simulation is faster, too. 
Because the program’s now in “C” and 
assembly language. That also means more 
capacity—for simulating even larger 
circuits. 

As always, count on fast circuit crea¬ 
tion, thanks to window-based operation 
and a schematic editor. Rapid, right-from- 
schematics analysis—AC, DC, fourier and 
transient—via SPICE-like routines. The 
ability to combine digital/analog circuit 
simulations using integrated switch 



Transient analysis 



Schematic editor 



Monte Carlo analysis 


models and parameterized macros. And 
stepped component values that stream¬ 
line multiple-plot generation. 

And don’t forget MICRO-CAP Ill’s 
extended routine fist-from impedance, 
Nyquist digrams and BH plots to Monte 
Carlo for statistical analysis of production 
yield. The algebraic formula parsers for 
plotting virtually any function. The support 
for Hercules, CGA, MCGA, EGA and VGA dis¬ 
plays. Output for plotters and laser printers. 

Cost? Still only $1495. Evaluation ver¬ 
sions still only $150. Brochure and demo 
disk still free for the asking. Call or write 
for yours today. And see how easily you can 
get ideas up and flying. 



1021S. Wolfe Road 
Sunnyvale, CA 94086 
(408) 738-4387 
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i860 64/32-BIT CMOS 


AVAILABILITY: The 33- and 40-MHz versions are available now. 

COST: The 33-MHz i860 costs $750 (1000). 

SECOND SOURCE: None. 

Description: The i860 CPU is a 64-bit p-P designed to provide balanced 
performance across integer, floating-point, and 3-D graphics operations. 

The itP incorporates a RISC integer unit, a floating-point adder, a floating¬ 
point multiplier, an 8k-byte data cache, a 4k-byte instruction cache, pag¬ 
ing functions, an MMU, and a 3-D graphics unit. The i860 runs Unix but 
is not designed to run 386 software. 

Status: The i860 has amassed more than 50 design wins to date in 
supercomputer, minicomputer, 3-D graphics workstation, and application 
accelerator designs. Multiprocessor version of Unix/System V rel 4.0 is 
available. 

-HARDWARE- CHARACTERISTICS -software 


I— DATA-MANIPULATION INSTRUCTIONS 

Integer arithmetic, logicals, and shifts. Integer multiply. IEEE-754 floating¬ 
point add, subtract, multiply. Single and double precision, and conver¬ 
sions between. Reciprocal and square-root seed Instructions. Special 
“dual operation” floating point allows two operations per clock. Graphics 
instructions for pixel interpolation and Z-buffer check. 

II— DATA-MOVEMENT INSTRUCTIONS 

16-, 8-, and 4-byte floating-point loads and stores, with variable strides 
and autoincrement. 4-, 2-, and 1-byte Integer loads and stores. Transfers 
between integer and floating-point registers. Special load instruction as¬ 
sists data caches. Pixel-store operation of 8 bytes. 

III— PROGRAM-MANIPULATION INSTR 

Unconditional and conditional branches, both delayed and nondelayed 
forms. Single-cycle loop-control operation. Indirect call and indirect 
branch. Dual-instruction mode allows execution of two instructions per 

IV— PROGRAM-STATUS-MANIP INSTR 

Data-breakpoint register for breakpoint debugging. Big-endian mode bit 
switches between access modes. Cache-control bits for cache locking 
and testing. 

V— SYSTEM-LEVEL INSTRUCTION 

Lock/unlock instructions for semaphores. Flush instruction for write-back 
data cache. Single-cycle translation look-aside buffer and instruction 
cache invalidate. 

Specification summary: Information not provided by manufacturer. 


HARDWARE - SUPPORT -SOFTWARE 


From Intel: Information not provided by manufacturer. From Intel: Fortran and C compilers. 

From Others: Industrial Programming (Jericho, NY) offers a real-time 
kernel. Metaware (Santa Cruz, CA) offers three varieties of High C. Green 
Hills (Glendale, CA) sells Fortran and C compilers, DDC-I sells an Ada 
compiler, and Micro Focus (Palo Alto, CA) sells a Cobol compiler for the 
i860. 


Aji-Aj D„-Do CONTROL 



Intel Corp 

Embedded Controller Operation 

5000 W Chandler Blvd 

Chandler, AZ 85226 

Phone (602) 961-8051 

For more information, Circle No. 404 


Intel Corp 

3065 Bowers Ave 

Santa Clara, CA 95051 

Phone (408) 987-8080 

For more information. Circle No. 405 
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PC-TRON® 


CURRENT-LIMITING 


MICROTRON® 

STANDARD 

SUBMINIATURE 


SOLID 
MATRIX 
FUSE 

PROTECTION 


sun Tnnusi 


WHY YOU NEED IT 


makes more fuses than anyone. But during the 90’s, as your designers face increased worldwide 
it is our solid-matrix fuses that are growing the fastest because they make your products more 
Our advanced PC-Tron radial lead, SMD Tron surface mount and Microtron standard subminiature 
all save board space. ■ Both Bussmann high performance PC-Tron and SMD Tron fuses provide current- 
limiting capability never before available to designers. The solid matrix surrounding the fuse element rapidly 
extinguishes the arc, when a fault occurs...predictably. So for the first time, both PC board components and 
equipment are protected. That’s a competitive edge for you. ■ Both Bussmann high performance fuses provide 
for the economies of automatic insertion and are completely sealed, to withstand rigorous board washing. ■ For 
designs locked into the conventional subminiature fuse footprint, Bussmann offers Microtron—^the reliable stan¬ 
dard. Contact your Bussmann distributor or Bussmann directly for samples and literature on solid-matrix fuses; 
5x20mm or 1 x 1-1/4 in. glass tube fuses; fuseholders, blocks and accessories. 


BUSSMANN-LEADER IN CIRCUIT PROTECTION-WORLDWIDE 


BUSSMANN 

P.O.Box 14460 
St. Louis, MO 63178 
Phone:(314)394-2877 
FAX: (314)527-1445 


BUSSMANN 

Cooper (U.K.) Limited 
Beswick Works 
Frome, Somerset BA111PP 
United Kingdom 
Phone:44-0373-64311 
FAX: 44-0373-73175 


BUSSMANN FAR EAST 

The Piaza 

7500 A Beach Road 

No. 14-319/320 

Singapore 0719 

Repubilc of Singapore 

Phone:65-2988311 

FAX: 65-2963807 


COOPER 

INDUSTRIES 


BUSSMANN 
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Your supplier should offer applications sup¬ 
port around the world. Analog Devices has 
offices in 34 countries, as well as worldwide 
manufacturing and stocking facilities. 


Does your supplier have 25 years of signal processing 
expertise? Analog Devices does, and you can tap into it 
by simply picking up the phone. And with our recent 
acquisition of PMI-a leader in precision op amps and 
Class S mil/aerospace applications - you have even more 
experience to call upon. 



Few suppliers can match our 
record. We’re the leading world¬ 
wide supplier of data converters, 
and the top analog supplier to the 
military/aerospace and instrumenta¬ 
tion markets. Plus we’re a growing force 
in the high-volume arena, providing three 
of the top five Japanese consumer electronics 
firms, and seven of the top 10 hard disk drive man¬ 
ufacturers with high-performance components. 



With Analog Devices,you get direct access to the most knowledgeable applications engineers in real-world 


signal processing. 


You get the design tools - macromodels, evaluation boards, on-line support, technical seminars and application 
notes, among other things - necessary to get your products up and running quickly 


And you get 25 years of design expertise - expertise evidenced by the most complete line of high-performance 


linear, DSP and mixed-signal components. ICs made possible by one of the broadest manufacturing process portfolios. 
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imd-signal supplier, make 
l#-peii)nnance parts. 



A good supplier also 
helps you do your job 
better. That’s why we 
publish more newsletters, 
technical books, appli¬ 
cation notes and semi¬ 
nar handbooks filled 
with the latest informa¬ 
tion on linear, DSP and 
mixed-signal technology. 


Do you get the service of a small company backed by the resources of a large 
one? If your supplier is Analog Devices, you do. Analog and digital experts work 
together to solve your problems. And top management takes a hands-on 
approach to customer support 


iEEHSitturcanctEEH 
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Model Library 


A good supplier works to save you time and money. One way 
we do it is by providing state-of-the-art macromodel design 
tools that let you quickly and easily simulate the perfor¬ 
mance of many of our op amps. We also offer you evaluation 
boards for our data converters, and complete design kits for 
our DSP processors. 


which includes leading edge BiCMOS, Flash, Complementary Bipolar and many others. 

As a $540 million operation, we have the resources that help you achieve top performance from our ICs. 
Performance that translates into higher levels of system integration, greater reliabihty and a better end product. 

Whatever high-performance part you’re looking for, we are the one company that can deliver it. Call us at 
1-800-262-5643 for a free copy of our recent booklet on Mixed-Signal Technology I ANALOG 
Or speak to an applications engineer by asking for Extension 104. 


DEVICES 


Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. Headquarters: (617) 329-4700. Offices and applications support available worldwide. 
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start with our high-performance 
standard products.Then add unique 
functional or performance capabilities 
with our semi-standard 
the ICs you want. And the 
competitive advantage 
you need. Quickly 
Easily With 
minimal 
risk. 

Want 

powerfactor 
correction? 

Don’t just 
meet the standard. 

Beat the standard. 

With single-chip 
standard products 
that offer power factor correction of .99, 
in either boost or flyback (buck-boost) 
configurations. They’re the first ICs 
designed to reduce harmonic currents 
to help you meet both existing and 
proposed regulations for switch mode 
power supplies. And help you reduce 


your customer’s power distribution 
problems. 

Or how about our complete 
family of highfrequency PWM 
controllers. 

They offer you a 
wide range of high- 
frequency, high- 
performance 
single chip solu- 


Micro Linear’s 
family of PWAl 


and Power Factor 
Control IC’s provide highly- 
integrated solutions for a broad 
range of switching power supplies. 


tions for state-of- 
the-art switching 
power supplies with 
operating frequencies up 
to 1 MHz. With advanced 

features like improved 
fault protection. 

Added synchronization 


Product Category 

Features 

Power Fkctor 

High Efficiency Flyback or 

Control 

Boost 

PWM Controllers 

1 MHz, Additional Fkult 
Protection, Synchronization 

Resonant Control 

ZVSandZCS to 3 MHz 

Motor Control 

BLDC Sensorless 

Commutation 



©19fjO Micro Linear 

Power supply court esy of Laiuda Elect ronics, Inc. 
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troller designed to automatically com¬ 
mutate brushless DC motors without 
the need for Hall-effect sensors. So 
you can eliminate the inherent align¬ 
ment, torque ripple and flutter prob¬ 
lems previously encountered with 
Hall-effect commutation. And design 
smaller, lower cost, higher reliability 
motors for any continuous speed 
application. 

Semi-standard options. 

Since these standard products 
are based on our 
FB3480, FB3490 
and FB3631 tile 
arrays, they can 
all be easily 


modified to satisfy specific application 
requirements.Whether you 
require proprietary 
circuit modifications, 
special screening, pack¬ 
aging or reliability levels. 

And we’re not 
stopping there. 

Well soon be introducing a new 
line of resonant controllers for ZVS and 
ZCS applications and a new soft- 
switching, phase modulation controller 
that will enable you to design smaller, 
more efficient power supplies. 

Want some 
straight answers? 

Just call Jon Klein today at (408) 
433-5200 and ask him about our 
complete line of power control products. 
And about our semi-standard capa¬ 
bilities. Hell show that the best way 
to stay ahead of the power curve is to 
take a straight line. 

Straight to Micro Linear. 


capability Even stability improvements. 

Looking for new techniques in 
moticm control? 

Now you have 
some unique design 
options. With our new 
ML4410 sensorless motor 
controller, the first con¬ 



Semi-standard 
modifications of 
dur standard products offer 
you better application fit, 
with lower risk. 



any wye or delta wound 3-phase 
brushless DC motor. 


Micro Linear 
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WE’LL BE THERE... 





(c) David Madison 1988 


... Everytime. 


Competition has never been 
tougher. In an environment 
where teamwork is vital and 
dependability, quality, and 
service are a must... the PMI 
division and Analog Devices 
will be there. 

When you need an analog IC 
supplier who is organized, 
focused, and dedicated to 
serve the military and aero¬ 
space marketplace - a partner 
who understands your special 
processing, documentation, 
and coordination needs ... 
PMI and Analog Devices will 
be there. 

Whether your products go 
into space, air, land, or sea. 


PMI and Analog Devices 
A Winning Combination 
for Class S 

PMI Mil/Aero Products is 
chartered to be the center of 
business for Class S IC products 
for the entire company. PMFs 
assembly and test expertise 
combined with a dedicated 
focus on servicing military and 
aerospace accounts allows us 
to bring more Analog Devices 
products to the Class S 
marketplace than ever before. 


mb 

□ ANALOG 
DEVICES 

Precision Monolithics 

A Division of Analog Devices 

1500 Space Park Drive 
Santa Clara, California 95054-3434 


PMI has been there as a 
product and technology 
leader for over twenty years. 
And now, we'll be there with 
outstanding Analog Devices 
products as well. 

The more you know about 
us, the more you'll under¬ 
stand how we are leaving the 
competition behind. 

For more information on 
what we can do for you, 
write us or circle the reader 
service number below. 

In a hurry? Call us at 
800-843-1515 or FAX us at 
(408) 727-1550. 

PMI and Analog Devices. 
We'll be there ... everytime. 

CIRCLE NO. 111 


ALTAMONTE SPRINGS: (407) 831-8233, ATLANTA: (404) 263-7995, BOSTON: (508) 794-0026, CHICAGO: (312) 250-0808, DALLAS: (214) 690-3495, DENVER: (303) 792-9595, 
DETROIT: (313) 930-2051, LOS ANGELES: (818) 886-6881, MILPITAS: (408) 263-9366, ORANGE COUNTY: (714) 637-9602, PHILADELPHIA: (215) 953-1070 










